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ABSTRACT      
Coriander (Coriandrum sativum L.) is an important spice and aromatic herb that 
belongs to the family umbelliferae /Apiaceae. It is used in culinary, medicine and its 
green foliage rich in vitamins and other minerals is used in vegetables and salads. 
Seeds contain essential oils rich in linalool. Coriander is cultivated in India for its 
large domestic consumption and bright export potential but the yield potential of this 
crop is generally low and the crops generally also suffer from lack of usable variation 
for important yield traits.  Because of its importance there is need to improve 
coriander variety to get better yield. Mutation breeding has become an important tool 
for the improvement of many crops through the mutation and modification in gene 
structure. The mechanism of mutation induction is that the mutagens break the 
nuclear DNA and during the process of DNA repair mechanism, new mutations occur 
randomly and are heritable. The changes can also occur in cytoplasmic organelles and 
also results in chlorophyll mutations, chromosomal or genomic mutations that enable 
plant breeders to select useful mutants. By induced mutations, mutants with multiple 
traits can be identified.  The foremost objective of plant breeders and geneticists is to 
sustain food and nutrition security and that is why the selection of major crops has 
become crucial for meeting these goals under the existing arable land, and climate 
change.  
The present investigation was carried out to explore the possibility of inducing 
genetic variability for quantitative traits in two varieties (Karishma and RD-44) of 
Coriandrum sativum L. by using gamma rays, EMS and their combination treatments. 
Due to lack of sufficient natural variability, conventional methods of plant breeding 
have a limited scope for coriander improvement. The main objective of this study 
was: 
 To study the effect of  mutagenic treatments on various biological parameters 
such as seed germination, plant survival, pollen fertility, growth, morphology, 
yield etc. in M1, M2 and M3 generations, 
 To investigate the meiotic behaviour of chromosomes after treatments with 
physical and chemical mutagens in M1, M2 and M3 generations, 
 To study the frequency and spectrum of chlorophyll and morphological 
mutations in M2 generation. 
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 To find out the effectiveness and efficiency of gamma rays, and  EMS  in 
inducing mutations in M2 generation, 
 To induce maximum variations, with minimum damage of the plants, for the 
selection of mutants in M2 and M3 generations. 
 To select and maintain the mutants in M3 generation on the basis of 
morphological characters. 
 To find out the essential oil (%) and linalool (%) in its content in selected 
mutants. 
The findings are as follows: 
 The effect of EMS, gamma-rays and their combination treatments on different 
biological parameters viz., seed germination, plant survival, pollen fertility and 
seedling height showed a dose dependent reduction.  Combination treatments 
showed maximum inhibitory effect on various biological parameters in both the 
varieties followed by EMS and gamma-rays. Var. RD-44 was found to be more 
sensitive to the mutagenic treatments than the var. Karishma. Similar trend was 
followed in M2 and M3 generations also but considerable recovery occurred in these 
parameters. 
 Meiotic aberrations increased with the increase in dose/concentration of each 
mutagen both individually as well as in combination in both the varieties. The 
overall frequency of meiotic aberrations at various stages of meiosis indicated that 
metaphase aberrations were more common followed by anaphase and telophase 
aberrations. Combination treatments were most effective followed by EMS and 
gamma-rays in inducing maximum frequency of meiotic aberrations in both the 
varieties. However, the frequency of meiotic aberrations was comparatively more in 
var. RD-44 than the var. Karishma. Total frequency of meiotic aberration was less 
in M3 generation as compared to M1 and M2 generations. 
 Based on intensity of green coloration at seedling stage 5 types of chlorophyll 
mutants i.e., albina, chlorina, xantha, tigrina and viresence were isolated in 
segregating M2 plants of both the varieties of coriander. The frequency of 
chlorophyll mutations increased with an increase in dose/concentrations. The 
highest frequency of chlorophyll mutations was observed in combination treatment 
followed by EMS and -rays. It was clear from the results that the two varieties of 
coriander differed in their response to different mutagens in relation to frequency of 
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chlorophyll mutations and variety RD-44 appeared to produce more chlorophyll 
mutations than var. Karishma.  
 The frequency of mutagenic effectiveness did not show any trend in treated 
population. However, the maximum effectiveness was observed in EMS treatment 
as compared to combination treatment and -rays treatment. Combination and -rays 
induced almost same frequency of effectiveness. Var. RD-44 was found to be more 
effective than variety Karishma. The mutagenic efficiency was calculated on the 
basis of inhibition in seed germination, lethality and pollen sterility. The efficiency 
calculated on the basis of inhibition was higher in var. Karishma while efficiency 
based on sterility was higher in var. RD-44. On the basis of inhibition, lethality and 
sterility, the efficiency was higher in combination treatment as compared to 
individual treatment in both the verities. The order of efficiency was -
rays+EMS>EMS>-rays. 
 A wide range of viable morphological mutations affecting plant height, 
growth habit, leaf morphology, flower characters, growth period, seed and yield 
parameters, were isolated in M2 generation. Of all the mutant types, frequencies for 
yield parameters were of maximum in EMS treatment followed by gamma rays and 
combination treatments. The frequency of morphological mutants was higher in the 
var. RD-44 compared to the var. Karishma. The total frequency of morphological 
mutants was highest in combination treatments followed by EMS and gamma rays 
treatments. 
 In M1, M2 and M3 generations mutagenic effect of EMS, -rays and their 
combination treatments were studied on nine quantitative traits viz., days to 
flowering, plant height (cm), days to maturity, number of branches per plant, 
number of umbel per plants, number of umbellate per umbel, number of seeds per 
umbellate, 100-seed weight (g) and total yield per plant (g). The statistical analysis 
was done to find out the, mean ( X ), standard error (S.E.) standard deviation (S.D.), 
coefficient of variation (C.V.) and lest significant difference (LSD) for nine 
quantitative traits in the treated populations. In general, lower concentrations /doses 
of individual mutagenic treatment of EMS and -rays were found to be more 
effective in inducing genetic variability for coriander improvement. In var. 
Karishma lower doses of -rays showed better effect while in var. RD-44 lower 
concentration was more effective for yield contributing traits. Combination 
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treatment and higher concentrations /doses of individual mutagen showed a negative 
impact on yield contributing traits in all the generations. 
 On the bases their distinct specific characters mutants isolated in M2 
generation were evaluated in order to find out the selection response in M3 
generation. These mutants were also statistically evaluated for nine quantitative 
characters viz., days to flowering, plant height (cm), days to maturity, number of 
branches per plant, number of umbel per plants, no of umbellate  per umbel, number 
of seeds per umbellate, 100-seed weight (g) and total yield per plant (g). Five 
different types of mutants line Kr- a, Kr-b, Kr-c, Kr-d, and Kr-f were isolated from 
var. Karishma and three mutants line RD-a, RD-b and RD-c were isolated from var. 
RD-44. 
 The essential oil of higher yielding mutant lines in M3 generation was 
estimated by using Clevenger’s distillation method and percentage of linalool in 
essential oil of isolated mutants was also estimated by using gas liquid 
chromatography. Percentage of essential oil in some mutants was higher than 
control while in some other it was lower than control and linalool (%) in essential 
was also different from control. 
In the present investigation some isolated mutants  possessed desirable plant architecture 
such as  increased plant height, increase number of umbel per plant, yield per plant, 
bold seeds, increased essential oil percent and change in linalool etc strongly favored 
the idea that induced mutagenesis is highly useful in inducing stable and desirable 
mutations.  These mutants may be evaluated in future generations for their performance 
and may be released as new varieties.  Mutagen EMS and gamma rays used in present 
study are very efficient and effective mutagen and may be used to create genetic 
variability in Coriandrum sativum L. 
 
 
 
STUDIES ON INDUCED MUTAGENESIS IN 
CORIANDRUM SATIVUM L. 
 
 
 
 
THESIS 
SUBMITTED FOR THE AWARD OF THE DEGREE OF 
 
Doctor of Philosophy 
In 
Botany  
 
 
 
BY 
IRAM FATMA JAFRI 
 
Department of Botany 
Aligarh Muslim University 
Aligarh (India) 202002 
2015
 
Dedicated to 
My Loving 
Parents 
 
 Prof. Ainul Haq Khan (Rtd)   DEPARTMENT OF BOTANY 
                            M.Sc., Ph.D. FISG   ALIGARH MUSLIM UNIVERSITY  
Ph.(O) 0571-2702016 (R) 0571-2703431    ALIGARH-202002, U.P., INDIA 
Mob. 9411414665 
E-mail: khan_ainul@yahoo.com    
 
 
   Dated: ______________________ 
 
Certificate 
 
 This is to certify that the thesis entitled “Studies on Induced Mutagenesis in 
Coriandrum sativum L.” submitted for the award of the degree Doctor of 
Philosophy in Botany, embodies the original research work carried out at the Aligarh 
Muslim University, Aligarh by Mrs. Iram Fatma Jafri under my supervision. The 
work has not been submitted in part or full for the award of any other degree or 
diploma of this or any other University. 
 
  
 
 
                      (Prof. Ainul Haq Khan) 
                         Supervisor  
 
 
 
 
ANNEXURE –I 
CANDIDATES’S DECLEARATION 
I, Iram Fatma Jafri , Department of Botany, certify that the work embodied 
in this Ph.D. thesis is my own bonafide work carried out by me under supervision of 
Prof. Ainul Haq Khan,  at Aligarh Muslim university, Aligarh.  The matter 
embodied in this Ph.D. thesis has not been submitted for the award of any other 
degree. 
I declare that I have faithfully acknowledge, given credit to and referred to the 
research workers where their works have been cited in the text and the body of the 
thesis. I further certify that I have not wilfully lifted up some other’s work, para, text, 
data etc. reported in  the journals, books, magazines,  reports, dissertations, thesis, 
etc., or available at web-sites and included them in this  Ph.D. thesis and cited as my 
own work. 
Date:           
 
……………………………………………………………………………………… 
Certificate from the Supervisor 
This is to certify that the above statement made by the candidate is correct to the best 
of my knowledge. 
 
 
Prof. Ainul Haq Khan  
Department of botany  
Aligarh Muslim University 
 Aligarh-202002 
      
         
  
 
 
ANNEXURE-II 
COURSE/COMPREHENSIVE EXAMINATION PRE-SUBMISSION 
SEMINAR COMPLETION CERTIFICATE 
 
 
This is to certify that Mrs. Iram Fatma Jafri Department of Botany has satisfactorily 
completed the course work/ comprehensive examination and pre-submission seminar 
requirement which is a part of her Ph.D. programme.  
  
 
 
Date:            
 
 
 
 
 
 ANNEXURE-III 
COPYRIGHT TRANSFER CERTIFICATE 
 
Title of the Thesis: Studies on induced mutagenesis in Coriandrum sativum L. 
Candidate‘s Name: Iram Fatma Jafri 
 
Copyright Transfer 
The undersigned herby assigns to the Aligarh Muslim University,   Aligarh copyright 
that may exist in and for the above thesis submitted for the award of the Ph.D. degree. 
 
 
        Signature of the candidate 
 
Note: However, the author may reproduce or authorized others to reproduce material 
extracted verbatim from the thesis or derivative of the thesis for author’s personal use 
provide that the source and the university’s copyright notice are indicated. 
 
 
ACKNOWLEDGEMENT 
First and foremost, praises and thanks to the Almighty, the lord of the world, most 
beneficent and most merciful for giving me the strength and resources to complete 
this thesis. 
I would like to express my deep and sincere gratitude to my research supervisor, Prof. 
Ainul Haq Khan, Department of Botany, A.M.U., Aligarh, for giving me the 
opportunity to do research and providing invaluable guidance throughout this 
research. His dynamism, vision, sincerity and motivation have deeply inspired me. He 
has taught me the methodology to carry out the research and to present the research 
works as clearly as possible. It was a great privilege and honor to work and study 
under his guidance. I am extremely grateful for what he has offered me. 
I extend my sincere thanks to Prof. Firoz Mohammad, Chairman, Department of 
Botany, Aligarh Muslim University, Aligarh for providing me all the necessary 
laboratory and field facilities. 
I humbly place on record my respect and gratitude to all my teachers specially those 
associated with teaching of the special paper of Cytogenetics and Plant Breeding for 
providing me the suggestions from time to time whenever required. 
I am grateful to Prof. S.P.Q. Rizvi Department of Plant Protection, Faculty of 
Agricultural Sciences for providing me the space in their experimental field for my 
experimental work.  
 I express my gratitude to Dr. B. K. Banerji, Deputy Director and Head, Floriculture 
Section, National Botanical Research Institute, Lucknow for irradiating the seeds and 
DR. Brijesh Kumar Senior Principal Scientist and in-charge Sophisticated Analytical 
Instrument Facility (SAIF CDRI) and also to Mr. R.K.Purshottam laboratory 
assistant of SAIF CDRI for GLC of essential oil. 
I feel great pleasure to express my sincere thanks to my lab colleague Mr  Mohd 
Gulfishan  for his help and valuable suggestions which were very fruitful for the 
planning and carrying out this research work. 
My warm thanks goes to my senior colleague Mrs. Monika Sharma and friends Mrs. 
Shaheen Fatima and Mrs. Farah Iqbal for their advice, help and cooperation 
whenever I needed during the course of this study. 
Words are not sufficient to express my heartful thanks to my sisters and specially to 
Mrs. Nigar Fatma who was always helpful, co-operative and encouraging at every 
step of my research work. I am extremely grateful to my parents for their love, 
prayers, caring and sacrifices for educating and preparing me for my future. Words 
fail me to express my appreciation to my brothers and their wives especially to Dr 
Tafseer Ali and Dr Abbas whose dedication love and persistent confidence in me, has 
taken the load off my shoulder. I am very much thankful to my husband for 
understanding, prayers and continuing support to complete this research work. I 
acknowledged my special and deepest thanks to my daughter whose sweet smile kept 
me happy and her prayer helped me to gain this success.  
Finally, my thanks also go to all the people who were helpful to me directly and 
indirectly in successful completion of this thesis. 
 
 
 
Iram Fatma Jafri 
CONTENTS 
 
CONTENTS PAGE NO. 
 
LIST OF TABLES   
 
i-iv 
LIST OF GRAPHS 
 
v-vii 
ABBREVIATION  viii 
CHAPTER-1 
INTRODUCTION 
 
1-11 
CHAPTER-2 
REVIEW OF LITERATURE 
 
12-45 
CHAPTER-3 
MATERIALS AND METHODS 
 
46-62 
CHAPTER-4 
EXPERIMENTAL RESULTS 
 
63-154 
CHAPTER-5 
DISCUSSION 
 
155-181 
SUMMARY AND CONCLUSION 
 
182-185 
BIBLIOGRAPHY 
 
186-240 
 
 
 
 
i 
 
LIST OF TABLES 
 
S. No. Titles of Tables Page No. 
Table 1: State wise area and production of coriander in India (2008-2012). 3 
Table 2: Chemical composition of Coriandrum sativum L. 4 
Table 3: Composition of essential oil in ripe fruits of Coriandrum sativum L 4 
Table 4: Composition of fatty acids in ripe fruits of Coriandrum sativum L. 5 
Table 5: Mutant varieties of different crops released for cultivation in India. 10 
Table 6: Details of mutagenic treatments given to the coriander seeds. 50 
Table 7:   Effect of EMS, γ-rays and their combination treatments on seed 
germination, plant survival and pollen fertility in M1 generation of 
Coriandrum sativum L. var. Karishma. 
72 
Table 8: Effect of EMS, γ-rays and their combination treatments on seed 
germination, plant survival and pollen fertility in M1 generation of 
Coriandrum sativum L. var. RD-44. 
73 
Table 9: Effect of EMS, γ-rays and their combination treatments on seedling 
height (cm) in M1 generation of Coriandrum  sativum L var.  Karishma. 
74 
Table 10: Effect of EMS, γ-rays and their combination treatments on seedling 
height (cm) in M1 generation of Coriandrum  sativum L var. RD-44. 
75 
Table 11: Frequency of meiotic aberrations induced by EMS, γ-rays and their 
combination treatments in M1 generation of Coriandrum sativum L. var. 
Karishma. 
76 
Table 12: Frequency of meiotic aberrations induced by EMS, γ-rays and their 
combination treatments in M1 generation of Coriandrum sativum L. var. 
RD-44. 
77 
 
 
ii 
 
Table 13: Comparison of total frequencies of meiotic aberrations induced by EMS, 
γ-rays and their combination treatments at different stages of meiosis in 
M1 generation of Coriandrum sativum L. 
78 
Table 14: Estimates of Mean values ( X  ) and coefficient of variation (CV) for 
different quantitative characters in M1 generation of Coriandrum sativum 
L Var. Karishma 
79-80 
Table 15: Estimates of Mean values ( X ) and coefficient of variation (CV) for 
different quantitative characters in M1 generation of Coriandrum sativum 
L Var. RD-44. 
81-82 
Table 16:   Effect of EMS, γ-rays and their combination treatments on seed 
germination, plant survival and pollen fertility in M2 generation of 
Coriandrum sativum L var. Karishma. 
102 
Table 17:   Effect of EMS, γ-rays and their combination treatments on seed 
germination, plant survival and pollen fertility in M2 generation of 
Coriandrum sativum L. var. RD-44. 
103 
Table 18: Frequency of meiotic aberrations induced by EMS, γ-rays and their 
combination treatments in M2 generation of Coriandrum sativum L. var. 
Karishma. 
104 
Table 19: Frequency of meiotic aberrations induced by EMS, γ-rays and their 
combination treatments in M2 generation of Coriandrum sativum L. var. 
RD-44. 
105 
Table 20: Comparison of total frequencies of meiotic aberrations induced by EMS, 
γ-rays and their combination treatments at different stages of meiosis in 
vars. Karishma and RD-44 in M2 generation of Coriandrum sativum L. 
106 
Table 21: Spectrum and frequency of induced chlorophyll mutations in M2 
generation in Coriandrum sativum L var. Karishma. 
107 
Table 22: Spectrum and frequency of induced Chlorophyll mutation in M2 108 
 
 
iii 
 
generation in Coriandrum sativum L var. RD-44. 
Table 23:   Mutagenic effectiveness and efficiency of EMS, γ-rays and their 
combination treatments Coriandrum sativum L var. Karishma. 
109 
Table 24:   Mutagenic effectiveness and efficiency of EMS, γ-rays and their 
combination treatments Coriandrum sativum L var. RD-44. 
110 
Table 25: Estimates of Mean values ( X ) and coefficient of variation (CV) for 
different quantitative characters in M2 generation of Coriandrum sativum 
L var. Karishma. 
111-112 
Table 26: Estimates of Mean values ( X  ) and coefficient of variation (CV) for 
different quantitative characters in M2 generation of Coriandrum sativum 
L var. RD-44. 
113-114 
Table27:   Frequency &spectrum of morphological mutants induced by EMS, -rays 
and their combination treatment in M2 generation of Coriandrum sativum 
L. 
115 
Table 28: Total pooled frequency and spectrum of morphological mutants induced 
in M2 generation of Coriandrum sativum L. 
116 
Table 29:   Effect of EMS, γ-rays and their combination treatments on seed 
germination, plant survival and pollen fertility in M3 generation of 
Coriandrum sativum L. var. Karishma. 
138 
Table 30:   Effect of EMS, γ-rays and their combination treatments on seed 
germination, plant survival and pollen fertility in M3 generation of 
Coriandrum sativum L. var. RD-44. 
139 
Table 31: Frequency of meiotic aberrations induced by EMS, γ-rays and their 
combination treatments in M3 generation of Coriandrum sativum L. var. 
Karishma. 
140 
 
 
iv 
 
Table 32: Frequency of meiotic aberrations induced by EMS, γ-rays and their 
combination treatments in M3 generation of Coriandrum sativum L. var. 
RD-44. 
141 
Table 33: Comparison of total frequencies of meiotic aberrations induced by EMS, 
γ-rays and their combination treatments at different stages of meiosis in 
vars. Karishma and RD-44 of Coriandrum sativum L in M3 generation. 
142 
Table 34: Estimates of Mean values ( X  ) and coefficient of variation (CV) for 
different quantitative characters in M3 generation of Coriandrum sativum 
L. Var. Karishma. 
143-144 
Table 35: Estimates of Mean values ( X ) and coefficient of variation (CV) for 
different quantitative characters in M3 generation of Coriandrum sativum 
L. Var. RD-44. 
145-146 
Table 36: Estimates of Mean values ( X  ) and coefficient of variation (CV) for 
different quantitative characters of isolated mutants in Coriandrum 
sativum L var. Karishma. 
147 
Table 37: Estimates of Mean values ( X ) and coefficient of variation (CV) for 
different quantitative characters of isolated mutants in Coriandrum  
sativum L  var. RD-44. 
148 
Table 38: Estimate of essential oil in percent (v/w) and % linalool in its content of 
isolated mutants. 
149 
Table 39:   Brief description of the mutants isolated in M3 generation of Coriandrum 
sativum L. 
150 
 
v 
 
LIST OF GRAPHS 
 
S. No. Titles of Graphs 
 
Page 
No. 
Graph-1. Effects of EMS on seed germination (%) in M1 generation of 
Coriandrum sativum L. 
 
 
83 
Graph-2. Effects of γ-rays on seed germination (%) in M1 generation of 
Coriandrum sativum L. 
 
83 
Graph-3. Effects of combination treatment (γ-rays+EMS) on seed germination 
(%) in M1 generation of Coriandrum sativum L. 
 
83 
Graph-4. Effects of EMS on plant survival (%) in M1 generation of Coriandrum 
sativum L. 
 
84 
Graph-5 Effects of γ-rays on plant survival (%) in M1 generation of Coriandrum 
sativum L. 
 
84 
Graph-6. Effects of combination treatment (γ-rays + EMS) on plant survival (%) 
in M1 generation of Coriandrum sativum L. 
 
84 
Graph-7. Effects of EMS on pollen fertility (%) in M1 generation of Coriandrum 
sativum L. 
 
85 
Graph-8.  Effects of γ-rays on pollen fertility (%) in M1 generation of Coriandrum 
sativum L. 
 
85 
Graph-9. Effects of combination treatment (γ-rays +EMS) on pollen fertility (%) 
in M1 generation of Coriandrum sativum L. 
 
85 
Graph-10.  Effects of EMS on seedling injury (%) in M1 generation of Coriandrum 
sativum L. 
 
86 
Graph-11. Effects of γ-rays on seedling injury (%) in M1 generation of Coriandrum 
sativum L. 
 
86 
Graph-12. Effects of combination treatment (γ-rays+EMS) on seedling injury (%) 
in M1 generation of Coriandrum sativum L. 
 
86 
Graph-13. Frequency of meiotic abnormalities (%) induced by EMS in M1 
generation of Coriandrum sativum L. 
 
87 
Graph-14. Frequency of meiotic abnormalities (%) induced by γ-rays in M1 
generation of Coriandrum sativum L. 
 
87 
vi 
 
Graph-15. Frequency of meiotic abnormalities (%) induced by combination 
treatment of (γ-rays + EMS) in M1 generation of Coriandrum sativum L. 
 
87 
Graph-16.  Effects of EMS on seed germination (%) in M2 generation of 
Coriandrum sativum L. 
 
117 
Graph-17.  Effects of γ-rays on seed germination (%) in M2 generation of 
Coriandrum sativum L 
117 
Graph-18. Effects of combination treatment  (γ-rays+EMS) on seed germination 
(%) in M2 generation of Coriandrum sativum L. 
 
117 
Graph-19. Effects of EMS on plant survival (%) in M2 generation of Coriandrum 
sativum L. 
 
118 
Graph-20. Effects of γ-rays on plant survival (%) in M2 generation of Coriandrum 
sativum L. 
 
118 
Graph-21. Effects of combination treatment (γ-rays + EMS) on plant survival (%) 
in M2generation of Coriandrum sativum L. 
 
118 
Graph-22. Effects of EMS on pollen fertility (%) in M2 generation of Coriandrum 
sativum L. 
 
119 
Graph-23. Effects of γ-rays on pollen fertility (%) in M2 generation of Coriandrum 
sativum L. 
 
119 
Graph-24.  Effects of combination treatment (γ-rays +EMS) on pollen fertility (%) 
in M2 generation of Coriandrum sativum L. 
119 
Graphs-25. Frequency of chlorophyll mutations induced by EMS in Coriandrum 
sativum L. 
120 
Graphs-26. Frequency of chlorophyll mutations induced by γ-rays in Coriandrum 
sativum L. 
 
120 
Graphs-27. . Frequency of chlorophyll mutations induced by combination treatment 
(γ-rays+EMS) in Coriandrum sativum L. 
 
120 
Graph-28. Frequency of meiotic abnormalities (%) induced by EMS in M2 
generation of Coriandrum sativum L. 
 
121 
Graph-29. Frequency of meiotic abnormalities (%) induced by γ-rays in M2 
generation of Coriandrum sativum L. 
 
121 
Graph-30. Frequency of meiotic abnormalities (%) induced by combination 
treatment of (γ-rays + EMS) in M2 generation of Coriandrum sativum L. 
 
121 
Graph-31. Frequency and spectrum of morphological mutant types in single and 
combined treatments of EMS and γ-rays in Coriandrum sativum L. 
122 
vii 
 
 
Graph-32. Frequency and spectrum of morphological mutant types in two varieties 
of Coriandrum sativum L. 
 
122 
Graph-33.  Effects of EMS on seed germination (%) in M3 generation of 
Coriandrum sativum L. 
 
151 
Graph-34. Effects of γ-rays on seed germination (%) in M3 generation of 
Coriandrum sativum L. 
 
151 
Graph-35. Effects of combination treatment (γ-rays+EMS) on seed germination 
(%) in M3 generation of Coriandrum sativum L. 
 
151 
Graph-36. Effects of EMS on plant survival (%) in M3 generation of Coriandrum 
sativum L. 
 
152 
Graph-37. Effects of γ-rays on plant survival (%) in M3 generation of Coriandrum 
sativum L. 
 
152 
Graph-38. Effects of combination treatment (γ-rays + EMS) on plant survival (%) 
in M3 generation of Coriandrum sativum L. 
 
152 
Graph-39. Effects of EMS on pollen fertility (%) in M3 generation of Coriandrum 
sativum L. 
 
153 
Graph-40. Effects of γ-rays on pollen fertility (%) in M3 generation of Coriandrum 
sativum L. 
 
153 
Graph-41. Effects of combination treatment (γ-rays +EMS) on pollen fertility (%) 
in M3 generation of Coriandrum sativum L. 
 
153 
Graph-42. Frequency of meiotic abnormalities (%) induced by EMS in M3 
generation of Coriandrum sativum L. 
 
154 
Graph-43.  Frequency of meiotic abnormalities (%) induced by γ-rays in M3 
generation of Coriandrum sativum L. 
 
154 
Graph-44. Frequency of meiotic abnormalities (%) induced by combination 
treatment of (γ-rays + EMS) in M3 generation of Coriandrum sativum L. 
 
154 
 
  
viii 
 
ABBREVIATIONS 
DES -   Diethyl Sulphate 
DMS -  Dimethyl Sulphate 
DMSO -  Dimethyl Sulfoxide 
EMS –  Ethyl Methane Sulphonate 
Fig.-   Figure  
HS -  Hydrazine Sulphate 
MMS -  Methyl Methane Sulphonate 
NMU -  N-Nitroso Methyl Urea 
 PMCs -  Pollen Mother Cells 
SA -  Sodium Azide  
UV-B -  Ultraviolet-B  
 Var. –  Variety 
 γ-      Gamma Rays  
γ+ EMS    A combination of EMS and Gamma Rays 
 
  
 
 
 
Chapter 1 
Introduction  
  
  
CHAPTER -1 
INTRODUCTION 
1.1. GENERAL ACCOUNT 
A ‘Spice’ is a dried seed, fruit, root, bark flower, stigmas, styles, leaves or the 
entire plant parts, which impart to food a certain flavor, aroma, taste and pungent 
stimuli.  They are well known as appetizers or preservatives and many of them have 
rich medicinal properties. It is used in pharmaceutical, perfumery, cosmetic 
products and religious rituals etc. Spices are storehouse of many chemically active 
compounds that impart flavor, fragrance and piquancy. Most spices owe their 
flavoring properties to volatile oils and in some cases, to fixed oils and small 
amount of resin, which are known as oleoresins. Phyto-chemicals in spices are 
secondary metabolites, which are originated for the protection from herbivorous 
insects, vertebrates, fungi, pathogen, and parasites. Total number of spices 
cultivated in the world is perhaps a disputed question. Based on data collected from 
Bureau of Indian Standards, 63 spices are grown in India. But Spices Board 
(Government of India) has listed only 52 spices (Anonymous, 2000a). However the 
International Organization for Standardization (ISO) has approved 70 spices and 
condiments (Pruthi, 1993).The history and culture of Indian spices is probably as 
old as human civilization itself. The Vedas, the Bible and the Quran are all replete 
with references - direct or indirect - to Indian spices.   
One of the important groups of crops is seed spice which is cultivated in India for 
their large domestic use and export potential. Coriander is a popular spice and 
important medicinal herb. It is native to the Mediterranean and Middle Eastern 
regions and has been known in Asian countries for thousands of years. This plant is 
cultivated world widely and well known for having medicinal properties. But the 
yield potential of such crops is generally low; these crops generally also suffer from 
lack of usable variations for important yield traits and disease resistance 
(Ramkrishna 2008).  In present study mutation breeding has been applied using 
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EMS, gamma irradiation and their combination treatments to increase genetic 
variability for improvement of two varieties of Coriander.  
1.2. BOTANICAL DESCRIPTION OF CORIANDRUM SATIVUM L. 
It is an erect annual herb in the family Umbelliferae (Apiaceae). The plant is a 
thin stemmed, small, bushy, 25 to 50 cm in height with many branches and umbels. 
Leaves are alternate, compound. The whole plant has a pleasant aroma. 
Inflorescence is a compound umbel comprises 5 smaller umbels. Fruit is globular, 3 
to 4 mm diameter, when pressed break into two locules each having one seed. Fruit 
has delicate fragrance; seeds are pale white to light brown in colour 
(www.indiaspices.com). The chromosome number of coriander is 2n=22, as the 
cytological investigation of eight genotypes by Das and Mallick (1989) 
demonstrated.   
1.2.1. Classification 
Bentham and Hooker have classified Coriandrum sativum L. as follows: 
 
Kingdom Plantae                                                                                                            
Subkingdom Phanerogamia                                                                        
Division Angiospermae                                             
Class Dicotyledones 
Subclass Polypetalae 
Series Calyciflorae 
Order  Umbellales 
Family Umbelliferae 
Genus Coriandrum 
Species Sativum 
The genus coriandrum has only two species Coriandrum sativum and its wild 
relative Coriandrum tordylium.  
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1.2.2. Area and Production 
India is a significant producer of coriander, but almost all the production stays in 
the country for domestic consumption. The same is true of Pakistan. Major 
producers are Morocco, Canada, India, Pakistan, Romania and the former Soviet 
Union (Agri-Facts, 2008). Other producers include Iran, Turkey, Egypt and Israel in 
the Middle East; China, Burma and Thailand in Asia; and Poland, Bulgaria, 
Hungary, France and the Netherlands in Europe (Agri-Facts, 2008). The United 
States, Canada, Argentina and Mexico are producers in the Americas. Global 
production of coriander is around 2.9 lac metric ton to 3.35 lac metric ton per year 
and India contributes almost 80% of world coriander production and produces 
around 2.5-3.0 lac metric ton annually (Special report on Dhania, 2014 available at 
www.fortune.co.in) 
  Table 1. State wise Area and Production of Coriander in India (2008-2012)  
 
State 
2008-2009 2009-2010 2010-2011 2011-2012 
Area 
(hectare) 
Production
(In tons) 
Area 
(hectare) 
Production 
(In tons) 
Area 
(hectare) 
Production 
(In tons) 
Area 
(hectare) 
Production 
(In tons) 
Rajasthan 250516 280306 232139 281076 197891 218899 260000 311000 
Madhya Pradesh 141393 59075 150464 70872 150464 70872 175000 82000 
Assam 24483 39480 24531 46865 21741 21568 27460 45200 
Gujarat 27347 38420 28675 42649 20561 32634 20570 32310 
Andhra Pradesh 33439 15615 37468 20605 20313 13749 20800 26000 
Orissa 19090 9140 19060 9440 21380 11200 19100 11000 
Uttar Pradesh 5774 3417 6742 3805 6082 3444 6610 3610 
Total including others 537327 471515 530789 501485 474244 403740 557870 532950 
*sourse: www.indiaagristat.com 
India is the biggest producer, consumer and exporter of coriander in the world 
with an annual production around 3 lakh tonnes (=0.3 million tonnes; average). 
Table 1 shows that the production fluctuates widely between years and has varied 
from below 2 lakh tonnes to above 4 lakh tonnes in this decade. Rajasthan (54%) 
and Madhya Pradesh (17%) are the two largest producing states in the country 
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contributing over two-thirds to the country’s total production in 2006-07. The other 
producers are Gujarat (6.9), Assam (6.6%), and Andhra Pradesh (3.5%), Karnataka 
(3.3%), Orissa (3.2%) and Tamil Nadu (2%). 
1.2.3. Composition 
The uses of coriander fruits are related to their chemical composition. The 
general composition of the fruits is presented in Table 2. The most important 
constituents are the essential oil and the fatty oil. The composition of the essential 
oil & fatty oil are described in Table 3 and 4 respectively. 
Table 2: Chemical composition of Coriander sativum (Diederichsen 1996) 
 
 
 
 
 
 
Table 3: Composition of essential oil in ripe fruits of Coriander sativum. (Diederichsen 
1996) 
Main components % of Total Essential oil Minor components (all with less than 2%) 
Linalool 67.7 β- pinene 
α- pinene 10.5 Camphene 
γ- terpine 9.0 Myrcene 
Geranylacetate 4.0 Limonene 
Camphor 3.0 p-cymol 
Graniol 1.9 Dipentene 
  α- terpinene 
  n-decylaldehyde 
  Borenol 
Component Content Percentage (%) 
Water 11.37 
Crude protein 11.49 
Fat 19.15 
Crude fibre 28.43 
Starch 10.53 
Pentosans 10.29 
Sugar 1.92 
Mineral constituents 4.98 
Essential oil 0.84 
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Table 4: Composition of fatty acids in ripe fruits of Coriandrum sativum L. 
(Diederichsen 1996) 
Main components % of all fatty acids Minor component 
Petroselinic acid 68.8 Stearic acid 
Linoleic acid 16.6 Vaccenic acid 
Oleic acid 7.5 Myristic acid 
Palmitic acid 3.8  
1.2.4. Uses 
Coriander is an annual herb with edible leaves and seeds, a very common 
ingredient in cooking throughout the world. It is especially very popular in India, 
South Asia and Mediterranean region. Coriander is also known for its medicinal 
properties (Momin et al., 2012). 
The coriander plant yields both the fresh green herb and the spice seed and has 
been used since ancient times. The small, woody root is used as a vegetable in some 
parts of China, but this use is not significant in international trade. The green herb is 
used widely in several cuisines. The leaves are available in markets from Beirut to 
Beijing, as well as Japan and both Mexico and South America. The herb is a key 
component to curries, and when ground with green chilies, coconut, salt and a 
squeeze of lemon, it makes delicious common Indian chutney. Bunches of green 
coriander can be distinguished in the market not only for their aroma, but also for 
the bundles of lower, fan-like leaves and upper feathery greens. The dried leaves are 
not suitable for culinary use. 
Coriander is widely used in whole or ground forms for flavoring purposes. In 
India, coriander goes into curry powders (25 to 40 per cent of world production) and 
is used to flavor liqueurs in Russia and Scandinavia, as well as being an important 
flavoring agent in gin production. The fruits are also used (both whole and ground) 
in baking, sausages, pickles, candies and soups. The spice is also employed for the 
preparation of either the steam-distilled essential oil or the solvent-extracted 
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oleoresin and both products can be used in the flavoring and aroma industries. 
Essential oils can be fractionated to provide linalool (usually 60 to 70 per cent), 
which can be used as a starting material for synthetic production of other flavoring 
agents. The seeds have been used medicinally since ancient times. One 
pharmaceutical use of coriander seed is to mask or disguise the tastes of other 
medicinal compounds (active purgatives) or to calm the irritating effects on the 
stomach that some medicines cause, such as their tendency to cause gastric or 
intestinal pain. Coriander is commonly used as domestic remedy, valued especially 
for its effect on the digestive system, treating flatulence, diarrhea and colic. It settles 
spasms in the gut and counters the effects of nervous tension. The raw seed is 
chewed to stimulate the flow of gastric juices and to cure foul breath, and it will 
sweeten the breath after garlic has been eaten.  The seeds have been applied 
externally as a lotion or have been bruised and used as a poultice to treat rheumatic 
pains. The seed essential oil is used in aromatherapy, perfumery, soap making and 
food flavoring. The oil is also fungicidal and bactericidal. The seed contains about 
20 per cent fixed oil, thus creating the potential to become an alternative to rape 
oilseed, although the oil content is somewhat low in present varieties. The oil can be 
split into two basic types: one is used in making soaps, etc. while the other can be 
used in making plastics. The growing plant repels aphids. A spray made by boiling 
one-part coriander leaves and one-part anise seeds in two parts water is said to be 
very effective against red spider mites and woolly aphids. The dried stems are used 
as a fuel. (Agri-facts 2008) 
1.3. MUTATAGENESIS  
Hugo de Vries (1900) introduced the term ‘mutation’. Mutation is a sudden 
heritable change in a characteristic of an organism. A mutation may be the result of 
a change in a gene, a change in a chromosome that involves several genes or change 
in plasma genes (chloroplast or mitochondrial genome). Such a change in the base 
sequence of DNA leads to the plant with altered characters called mutants. 
Depending upon the type of effect on characters, the mutations are classified to be 
macro- or micro-mutations. Macro-mutations result into easily identifiable 
characters whereas micro-mutations cause small changes that can only be detected 
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from groups of the plants especially through biometrical analysis. The occurrence of 
the mutation in germ cells that participate in fertilization is transmitted to the 
progeny, whereas mutation in somatic cell called the somatic mutation is restricted 
to the individual or the tissue, in which it arises. Mutations produced by changes in 
the base sequences of genes are known as gene or point mutations and some 
mutations may be produced by changes in chromosome structure, or even in 
chromosome number, they are termed as chromosomal mutations. 
Mutations occur in natural populations at very low rate; called as spontaneous 
mutations. Mutations may be artificially induced by the treatment with certain 
physical (X-rays, gamma-rays, fast neutrons and ultraviolet radiations etc.) and 
chemical agents (EMS, MMS, DES, and Hz, and 5-BU etc.)  Such mutations are 
known as induced mutations and the agents used for producing them are termed as 
mutagens. Mutagenic action of X-rays was discovered by Muller (1927) in 
Drosophilla and gamma-rays and X-rays by Stadler (1928) in barley (Hordeum 
vulgare) and maiz (Zea mays). Muller was awarded Nobel Prize in 1946 in 
recognition of his work. 
1.4. MUTAGENESIS AS AN EFFECTIVE TOOL FOR CROP 
IMPROVEMENT 
Today human population is growing rapidly especially in the developing 
countries whereas in the developed countries the situation is just the reverse. Global 
food security continues to be the centre stage issue and plant breeders are under 
pressure to sustain the food production to meet the demand of ever-growing human 
population. Several factors such as abiotic and biotic stresses, industrial pollution, 
deforestation, loss of genetic diversity, water shortages and so on are responsible for 
having a negative impact on food production. There is no short-term magic formula 
to solve the world’s food problems. Nature provides every species with the potential 
to develop many different characteristics for example, the height of a plant, its yield, 
its susceptibility or resistance to disease. All of these possibilities are written into 
plant’s blueprint, its genome, but only few are expressed. Over a long period of time 
a plant can adapt itself to different conditions through the process of spontaneous 
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mutation and natural selection.  According to “Pierre Lagoda” (2008) Head of the 
IAEA/FAO Joint division of plant breeding & genetics “Spontaneous mutations are 
the ‘natural’ mortar of the evolution, without mutations there would be no wheat, no 
rice, no maize or any other crop 
The genetic variability is highly desirable for developing new cultivars, which is 
induced by mutagen treatments and natural spontaneous changes. The spontaneous 
mutation rate is pretty low and can’t be exploited for breeding and that is why 
mutations are induced artificially with physical and chemical mutagen treatment. 
Quite many useful genetic changes have been induced by mutagen treatment 
including high yield, flower colour, disease resistance, and early maturation and so 
on in crop, vegetables, medicinal herbs, fruit and ornamental plants. So far, over 
3000 mutant varieties have been officially released over 60 countries including rice, 
wheat, barley, sorghum, legumes, cotton, edible oil, ornamental plants and fruits 
(www-mvd.iaea.org). China Japan and India are the major producers of mutant 
varieties to feed their ever-growing human population (Nakagawa,2009)). Among 
all crops, the released highest number of mutant varieties is in rice. The 
International Atomic Energy Agency (IAEA), Vienna, Austria was conferred Nobel 
Peace Prize (2005) for its contributions to the peaceful applications of nuclear 
energy in various fields including food and agriculture. Mutation induction 
continues to contribute to crop improvement, using physical mutagens such as 
gamma ray, X-ray, fast neutron, and chemical mutagens such as EMS (ethyl-
methane-sulphonate) and sodium azide. Recently, new physical mutagens, such as 
ion beam radiation and cosmic rays, have been proven to be effective for inducing 
mutations.  
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1.5.  MUTATION BREEDING IN INDIA 
Mutagenesis work in India started in 1930 on a small scale but received 
considerable attention during late 1950s and 1960s. In India mutation breeding work 
is being pursued at several universities and research institutes, notably, at Indian 
agriculture research institute (IARI) New Delhi, Bhaba Atomic Research Centre 
(BARC)   Mumbai, Tamil Nadu Agriculture University (TNAU), Coimbatore, 
National Botanical Research Institute (NBRI), Lucknow. According to Kharkwal 
and Shu, (2009), 343 mutant cultivars belonging to 57 plant species were approved 
and released in India. The mutant varieties released include cereals, grain legumes, 
oil seeds, fiber crops, vegetables and ornamentals. The success story of mutation 
breeding in ornamentals and horticultural crops in India is particularly impressive. 
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Table 5 : Mutant varieties of different crops released for cultivation in India 
Crop No. of 
varieties 
released 
Specific crop and no. of varieties 
Cereals 74 Rice (42), barley (13), pearl millet (5), finger millet (7), foxtail 
millet (1), wheat (4), sorghum (2) 
Pulses 57 Mungbean (15), blackgram (9), chickpea (8), cowpea (10), 
mothbean (5), pigeonpea (5), lentil (3), french bean (1), pea (1) 
Oilseeds 44 Groundnut (18), mustard (9), castor bean (4), sesame (5), soybean 
(7), sunflower (1) 
Fibre crops 14 American cotton (8), tossa jute (3), white jute (2), desi cotton (1) 
Vegetables 14 Tomato (4), turmeric (2), bitter gourd (1), brinjal (1), green pepper 
(1), okra (1), ridge gourd (1), snake gourd (1) cluster bean (1) 
Cash crops 10 Sugarcane (9), tobacco (1) 
Medicinal crops 17 Citronella (9), German chamomile (1), Indian henbane (1), isabgol 
(2), Khasianum (1), opium poppy (2), Spearmint (1) 
Fruit trees 2 Mulberry (1), papaya (1) 
Forage crops 1 Egyptian clover (1) 
Ornamentals 110 Chrysanthemum (49), rose (16), dahlia (11), portulaca (11), 
bougainvillea (13), wild sage (3), gladiolus (2), Hibiscus sp. (2), 
tuberose (2), coleus (1) 
Total 343  
Source: kharakwal and shu (2009) 
 
1.6. OBJECTIVES 
Today, food shortages and sky-rocketing prices are pushing million of people 
deeper into the poverty and hunger cycle. So, induced mutation is an important part 
of the solution to the world’s food crisis.  Mutation breeding is much shortcut 
technique, mainly based on conventional breeding approach, brings novel and high 
yielding genotypes through heritable changes in genotype and phenotype of a 
particular trait. Induced mutagenesis has been employed to create genetic 
variability, the base of crop improvement. Genetic variation among genotypes and 
relationship between major yield contributing traits/characters is of vital importance 
to the breeding programs that aim to produce important cultivars in crop like 
coriander. In the present studies, an attempt has been made to explore the 
possibilities of inducing alterations in existing genotype to enhance genetic 
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variability and increase the yield potential of Coriandrum sativum L. through the 
use of chemical & physical mutagen. 
The investigations reported in the thesis have been carried out in M1, M2 and M3 
generations, keeping the following objectives in view. 
 To study the effect of  mutagenic treatments on various biological parameters 
such as seed germination, plant survival, pollen fertility, growth, morphology, yield 
etc. in M1, M2 and M3 generations, 
 To study the meiotic behavior of chromosomes after treatments with physical 
and chemical mutagens in M1, M2 and M3 generations. 
 To study the frequency and spectrum of chlorophyll and morphological  
mutations in M2 generation 
 To find out the effectiveness and efficiency of gamma rays, and  EMS  in 
inducing mutations in M2 generation, 
 To select and maintain the mutants in M3 generation on the basis of 
morphological characters. 
 To find out the essential oil (%) and linalool (%) in its content in selected 
mutant. 
  
 
 
 
 
Chapter 2 
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CHAPTER- 2  
REVIEW OF LITERATURE 
This chapter deals with the literature survey of effect of mutagens on various 
aspects of Coriandrum sativum L. and other crops with an aim to understand the use 
of induced mutations in crop plants. It includes the extensive research work done by 
different workers in mutation breeding programmes. A survey of literature indicates 
that EMS, gamma rays and their combination treatments are very effective mutagens 
and has been used to induce genetic variabilities in a number of crop plants.  
2.1 SOME CONCEPTS IN INDUCED MUTAGENESIS  
Hugo de Vries (1900) used the term ‘mutation’ to describe phenotypic changes which were 
heritable. The scientific study of mutation started in 1910 when T.H. Morgan started his 
work on fruit fly (Drosophila melanogaster Meigen). The mutagenic effect of X-rays was 
demonstrated for the first time by H.J. Muller (1927) in Drosophila and by L.J. Stadler 
(1928) in barley. Ultraviolet radiation was discovered by Altenburg (1930) while treating 
Drosophila eggs. The first commercial mutant cultivar, chlorina was obtained in tobacco 
after X ray-irradiation by Goodspeed and Olson (1929).  They obtained chlorophyll 
defective plants, characterized by light green leaf colour.  The success of plant breeding 
basically depends on the amount of variability available in a crop species. Any 
character can be improved only through the processing of the genotype that has the 
accumulation of both so-called positive and negative genes. For this, induced 
mutations come handy for making specific alteration in the genotypes and for 
enhancing the genetic variability in polygenic traits. Induced mutagenesis has 
immense potential in creating genetic variability among naturally exhausted 
population which is utilized in selection programme for obtaining desirable 
improvement. It is a significant tool to break through the limitations of variability and 
to create variability in a short period of time (Akgun and Tosun, 2004; Yaqoob and 
Rashid, 2001). However, an efficient genetic improvement of a cultivar depends on the 
knowledge of mode of gene action, genetic variability and the interrelationship among 
important plant characters. For long time, induced mutagenesis has been successfully 
utilized in creating variations for the improvement of crop plants. Thus during the last 
several years different mutagens have been used by various workers to induce genetic 
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variability in different crop plants (Gustafsson, 1965; Gaul, 1965; Kanaklata, 1995; 
Karpate, 1995; Karpete and Choudhary, 1997; Khan et al., 2004; Arefrad et al., 2012; 
Ibrahim 2013). Mutagens have remarkable potential of improving plants with regard to 
their qualitative and quantitative characters; and where appropriate selection has been 
applied, improvement in yield (Brock, 1965; Gregory, 1968), adaptability (Gustaffson, 
1965), maturity time (Brock, 1970) and numerous other traits (Sigurbjornson and 
Micke, 1969) have been reported.  Various classes of chemical and physical mutagens 
differ in their efficiency in inducing mutations and spectrum of mutations induced.  
Gamma rays belongs to ionizing radiation, are the most effective electromagnetic 
radiation and have more penetrating power than other types of radiation such as alpha 
and beta rays (Kova ́cs & Keresztes, 2002). In plant improvement, the irradiation of 
the seeds may cause genetic variability that enable plant breeders to select new 
genotypes with improved characteristics such as precocity, salinity tolerance, grain 
yield and quality (Ashraf, 2003). 
Among the monofunctional alkylating agents, ethyl methane sulphonate (EMS) in 
particular, has been shown to be more efficient in the induction of mutations than 
radiations. As certain genes are mutated by radiations and not by EMS (Favert, 1960) 
and the mutation spectrum induced by the radiations and chemical mutagens is 
different (Heiner et al., 1960; Ehrenberg et al. 1961). It was thought of interest to find 
the mutation frequencies when the physical and chemical mutagens were used in 
combination by many workers (Khalatkar and Bhatia, 1975; Gupta and Yashvir, 1975; 
Jayabalan and Rao, 1987a; Suganthi and Reddy, 1992). 
Alkylating agents are, by far, the most extensive and important groups of mutagens. 
However, only a few of the mutagens belonging to the group of alkylating agents such 
as, ethyl methane sulphonate (EMS), methyl methan sulphonate (MMS), diethyl 
sulphate (dES), ethyl imine (EI) and N-nitroso-N-methyl urea (NMU) have been 
reported to be most effective  
 Our knowledge on the fundamental aspects of the mutational processes and the 
mechanism of action of various physical and chemical mutagens and their 
combinations has been fairly widened (Blixt and Gottschalk, 1975; Gottschalk, 1978a, 
1978b; Gottschalk and Wolf, 1983; Sharma, 1985 and Khan, 1986). Though there are 
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several unanswered questions regarding the classification and mechanism of actions of 
mutagens, yet a more comprehensive account of them was given by Sharma 1985. 
 Mutagens affect the metabolism of individuals and influence the activity or 
synthesis of enzymes and growth regulators (Khanna and Maherchandani, 1980; Jain 
and Khanna, 1987). Such harmful effects of mutagens lead to various forms of 
physiological expression of damage such as, retarded plant growth, induction of 
chlorophyll mutations, sterility and death. Radiations have been found to produce 
genetic changes such as mutations, chromosomal rearrangements and disturbances in 
the cell division (Khanna and Maherchandani, 1981a; Khanna, 1986; Singh and 
Khanna, 1988). Low doses of radiations have been found to have a stimulatory effect 
in different crops (Sparrow, 1966; Khanna 1988). 
 For combined treatments of gamma radiations and chemical mutagens on 
seeds, the mutagenic effects were reported to be synergistic when radiation was given 
first followed by chemical treatment (Sharma, 1970), when treatments were given in 
the reverse order, the mutagenic effects were not synergistic. Favert (1963) and Doll 
and Standfer (1969) however, could not obtain any synergistic interaction between 
radiation and chemical mutagen treatments. In chickpea, intentional exposure of seeds 
to various mutagens has produced many new and desirable characteristics (Kalia et al., 
1981; Haq et al., 1989; Hussan and Khan, 1991). 
2.2 DOSE EFFECT AND GENOTYPIC SENSITIVITY 
 One of the most momentous demands for a fruitful mutation breeding is the 
selection of adequate and powerful dose of mutagen. The dose effect of a physical or 
chemical mutagenic treatment involve several parameters, of which, the most 
important are dose rate, concentration, duration of treatments, temperature and pH 
during treatments. 
 A dose which restricts survival to 50 percent (LD50) and growth to 50 percent 
(GR50) gives an idea about the appropriate dose of mutagen in an experiment on 
induced mutagenesis. In chickpea, Singh (1988a) reported LD-50 values for gamma 
rays at 460 Gy (var. G 130) and 483 Gy (var. H 208) and for EMS at 0.25% (var. G 
130) and 0.2% (var. H 208). In both the varieties 0.4% EMS treatment was most 
lethal. According to Kharkwal (1981a) higher lethality was observed in 0.2% EMS in 
comparison to 400 Gy and 500 Gy gamma rays. Mangaiyarkarasi et al. (2014) in 
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Catharanthus observed 50% reduction in seed germination at 50kR gamma rays and 
50mM of EMS. According to Anbarasan et al. (2014) in sesame LD-50 values for EMS 
and colchcine was 1.0% and 0.6% respectively. Dose linked effectiveness of EMS and 
gamma rays were noted in terms of germination, reduction in pollen fertility, 
chlorophyll mutations and seedling height by several worker in different crops (Singh 
and Chaturvedi 1980, Khan  and Wani 2004 in Lens culinaris; Kalia  et al., 1981, 
Khanna 1991, Shah et al., 2008 in chick pea; Kumar 2005 in coriander; Çiftçi et al., 
2006 in pea;  Gnanamurthy 2011 in maiz;  Mangaiyarkarasi et al., 2014 in Catharanthus; 
Anbarasan et al., 2014 in sesame) Both gamma rays and EMS have been shown to have 
a dose related reduction in seed germination and pollen fertility (Nerker, 1970a; Rao 
and Laxmi, 1980; Khanna and Maherchandani, 1981a; Gautam et al., 1992).  
 With a view to enhance the mutation rate and also to alter the spectrum of 
mutations, many variations in treatment methodology have been used by different 
workers. Treatments with chemical mutagens have been given to dry as well as soaked 
seeds, seedling at different developmental stages, different phases of cell cycle at 
variable temperature and ionic concentrations (Chopra and Pai, 1979). Ramanna and 
Natrajan (1965) studied the mutagenic efficiency of certain alkylating agents under 
different treatment conditions of temperature and hydrogen ion (pH) concentration in 
barley. They concluded that factors such as concentration and diffusion of the 
mutagen, rate of hydrolysis and the influence of alkylating and non-alkylating groups 
of the chemical play a considerable role in determining the mutagenecity of a 
compound. It is well known that the same mutagen dose can cause different degrees of 
effect in different species (Nakagawa et al., 2011 and Nakagawa 2012). Varied 
mutagenic sensitivity in different genotypes was first reported by Gregory (1955) in 
groundnut, Lamprechet (1956) in pea and Takagi (1969) in soyabean. Takagi (1969) 
identified two major genes that control redio-sensitivity. 
 Prasad and Das (1980c) studied the mutagenic sensitivity of gamma rays and 
methyl methane sulphonate (MMS) in different varieties of Lathyrus sativus L. They 
observed differential mutagenic response in terms of chlorophyll mutations. Similar 
varietal differences were recorded in the production of non-viable chlorophyll 
mutations in Nigella sativa (MItra and Bhowmik, 1999) following gamma rays and 
EMS treatments. Sharma and Sharma (1981a) observed differential mutagenic 
response of gamma rays and NMU in Microsperma and Macrosperma lentils. They 
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observed better viability of chlorophyll mutations like Xantha and Chlorina in the 
microsperma than in the macrosperma varieties.  
Venkatachalam and Jayabalan (1995) while using EMS, sodium azide and gamma rays 
found distinct varietal differences in groundnut (Arachis hypogaea). Geetha and 
Vaidyanathan (1997) observed different phenotypic response of two soyabean 
cultivars to ethidium bromide and gamma rays. Differences in radio-sensitivity were 
also reported by Nerker (1976) in Lathyrus sativus; Khan (1999) in blackgram and 
Anis et al. (1999) in Urdbean. Akbar et al. (1976) concluded that differences in radio-
sensitivity may be due to differences in their recovery process involving enzyme 
activity. Differential varietal responses to different mutagens as observed in the 
present investigation has been reported earlier by many workers Nerker (1970) in 
Lathyrus sativus; Sinha and Godward (1972) in Macrosperma, Al-Rubeai and 
Godward (1981) in Phaseolus vulgaris; Khan and Goyal (2009) in mungbean and 
Sasikala and Kalaiyarasi (2010) in rice. 
2.3 BIOLOGICAL DAMAGE 
 There are many reports to demonstrate the effect of physical and chemical 
mutagens and their combination treatments on different biological parameters such as 
germination, survival, injury, sterility etc. (Bhatacharjee et al., 1998; Khan, 1999; 
Mitra and Bhowmik, 1999; Sareen and Kaul, 1999; Anis and Wani,1997; Khan et al,. 
2004;  Bhat et al., 2005a; Kumar and Rai, 2005, 2007;  Khursheed et al.,2008; 
Chowdhury et al. 2012; Bashir et al.,2013; Ramesh et al., 2014; Kangarasu et 
al.,2014). Bhatnagar (1984) reported the adverse effects of combined treatments on 
germination and survival of plants in chickpea. Reduction in seed germination with the 
increase in dose of gamma rays in chickpea was reported by Khanna (1981, 1991). 
The EMS treatment was found to cause higher sterility than gamma rays in chickpea 
(Kharkwal, 1981b).  
Vandana and Dubey (1988) treated seeds of Vicia faba with EMS and DES and 
observed adverse effect of both mutagens on germination, seedling growth, pollen 
fertility, time to maturity and survival. Plant height, branching, number of leaves, pods 
and seeds as well as yield/plant showed varying responses to different concentrations 
of mutagens. DES induced more adverse effect in all treatment/dose than EMS but 
lower doses of EMS showed either no effect or slight promoting effect. 
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 Gautam et al. (1992) observed a direct relationship of pollen and ovule sterility 
with gamma rays and EMS doses/concentrations in Vigna mungo, the maximum 
sterility occurred at higher doses. Increase in pollen sterility and decrease in seed 
germination with increasing doses of gamma rays in Capsicum annuum was reported 
by Rao and Laxmi (1980). 
 Kumar et al. (1993) treated the seeds of Vicia faba L. with single and 
combined application of 0.75% DES and 10kR gamma-rays. They recorded reduced 
germination, seedling growth, plant height, number of branches, number of pods, 
number of seeds/pod, test weight, survival percentage and seed yield in the mutagenic 
treatments in addition to increased pollen sterility and delayed maturity. Application of 
gamma-rays both singly and in combination with DES induced more severe effects 
than application of DES alone. 
 Singh (2003) detected the effect of gamma rays, EMS and their combination 
treatments on germination and survival of plants in mungbean (Vigna radiata L. 
Wilczek) cultivars namely, T44 and PDM11. The germination and plant survival were 
highest at lowest doses of mutagens and their combination treatments. The mutagenic 
effects were higher at higher doses of both the mutagens individually, while in the 
combination treatments lower doses showed maximum effects. Varietal preference to 
the mutagens was also noticed. 
 Banu et al. (2004) made a comparative study in two varieties of cowpea (Vigna 
unguiculata L. Walp) to observe the mutagenic effects of gamma rays and EMS, 
Physical mutagen recorded higher percentage of reduction than chemical in M1 
generation. The mean values of all the characters taken for study i.e. germination, 
survival, plant height, seed and pollen fertility, decreased as the doses/concentraions of 
mutagens increased and there existed a linear relationship between them. Shah et al. 
(2008) studied on four chickpea genotypes and observed positive effect at lower doses of 
gamma irradiation and EMS in all four genotypes, whereas adverse effects were observed at 
higher doses/concentrations. 
Kumar (2005) treated the seeds of coriander with different concentrations of EMS 
(0.2-1.0%). The percentage of germination was recorded after 15 days of treatment. 
Percentage of germination was also observed for M2 generation which showed 
decrease with increasing concentration of mutagen. The decrease in percentage of 
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germination might be due to chromosomal damage resulting in defective enzyme 
production. The recovery in M2 generation was probably due to elimination of 
defective cells. 
Deshpande et al., (2010) observed genotype sensitivity after treatment of different 
doses of gamma rays and EMS in mulberry and concluded that higher doses showed 
decrease in sprouting percentage in all cultivars.  
Umavathi and Mullainathan  (2014) studied the effect of gamma irradiation and EMS 
treatment on seed germination and seedling height of chick pea (Cicer arietinum L) 
they observed that, the percentage of seed germination, seedling height and 
survivability were significantly decreased with increasing doses/concentrations of 
mutagens.  
Salve and More (2014) treated seeds of Coriandrum sativum, L. (Var. CS-287) with 
different doses of gamma rays (10kR, 20kR, 30kR and 40kR). Seed germination percentage 
revealed gradual decrease from lower doses to higher doses in given treatments of Gamma 
rays. In case of seedling height there was dose dependent reduction after treatment of 
gamma rays. They concluded that gamma rays was capable in inducing damage to plants at 
molecular level and was capable of inducing mutation.  
Dose dependent decrease in these biological parameters has also been observed by 
Dhamayanthi and Reddy (2002) in chilli following treatments with gamma-rays, EMS 
and MMS; Kirtane and Dhumal (2004) in onion following treatments with SA, 
gamma-rays and their combination; Wani et al. (2004) in lentil; Kumar (2005) in 
Coriandrum sativum following treatments with EMS; Faizan et al. (2012) in coriander 
following treatment with heavy metals.  Khursheed et al. (2008) in sunflower; Aslam 
et al. (2012) in Cichorium intybus L; Chowdhury et al. (2012) in Dianthus 
caryophyllus; Bashir et al. (2013) in Trigonella foenum-graecum; Ramesh et al. 
(2014) in mulberry and Kangarasu et al. (2014) in Manihot esculenta Crantz following 
treatment with different physical and chemical mutagen. 
 2.4. CHLOROPHYLL MUTATION:  
The frequency of chlorophyll and viable mutants observed in mutation breeding 
experiment provide one of the most reliable indices for the assessment of genetic 
effects of mutagenic treatments (Gustaffson, 1951). Several authors have reported the 
occurrence of different types of chlorophyll mutations such as albina, xantha, chlorina, 
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virescent, tigrina etc, in M2 generation following treatments with various mutagenic 
agents. The occurrence of chlorophyll mutation after the treatment with physical and 
chemical mutagen has been reported by many workers in different plants viz., in lentil 
(Sharma and Sharma 1981, Solankin 2005) ; Lathyrus sativus (Das and Kundagrai 
2000; Ramezani and.More, 2014); black gram (Singh et al., 1999, Kumar et al., 2007, 
Lal et al., 2009 ); Nigella sativa ( Mitra and Bhowmik 1999); mungbean (Singh et al., 
2000, Kumar et al., 2009) broad bean (Bhat et al., 2007); common bean (Svetleva 
2004); Delphinium malabaricum (Kolar  et al., 2011) and horsegram (Bolbhat et al 
2012) reported highest range of chlorophyll mutations with EMS as compared to 
gamma rays and combination treatments.  
EMS has been described to induce higher frequency of chlorophyll mutations than 
gamma rays in several crops (Singh and Singh, 2001; Waghmare and Mehra, 2001; 
Karthika and Lakshmi, 2006 Bolbhat et al 2012). The combined treatments of gamma 
rays and ethyl methane sulphonate (EMS) produced higher proportion and wider 
spectrum of chlorophyll mutations followed by single treatment of gamma rays or 
EMS (Lysikov et al., 1967 in chickpea)  and (Singh et al.,2005 in mungbean) reported 
higher frequency of chlorophyll mutations in combined treatments of physical and 
chemical mutagens.The frequency and spectrum of chlorophyll mutations by gamma 
rays have been found dose dependent in different crops (Palanivel and Jayabalan, 
2000; Jain et al., 2005).  
Gautam et al. (1992) observed a progressive increase in mutation frequency of 
chlorophyll and viable mutations with the increase in gamma rays and EMS doses. 
Synergistic effects were observed for increasing mutation frequency in M2 generation 
in combination treatment of gamma rays with EMS. 
 Kharkwal (1998) reported highest frequency of albina followed by chlorine 
and xantha after treatments with physical and chemical mutagens in chickpea. The 
frequencies of the various types of chlorophyll mutations in different varieties of chick 
pea with different mutagens have been found markedly different (lysikov et al., 1967) 
 John (1999) treated the seeds of cowpea (Vigna unguiculata L) with gamma 
rays  and observed  mutation frequency and chlorophyll mutations in, parents and their 
F1 hybrid at different doses. The mutation frequency increased gradually up to 
moderate doses of gamma rays. The mutant viridis was more frequent in the total 
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spectrum, while chlorina and xantha were in equal proportions, followed by albina and 
alba viridis. The mutagenic effectiveness was higher with high doses in Co 4 and with 
moderate doses in C 152 as well as in their hybrid. However, efficiency was maximum 
when calculated on lethality basis, followed by injury and sterility base. 
Kharkwal (1999) analysed and compared the frequency and spectrum of chlorophyll 
mutations induced by physical (gamma rays and fast neutrons) and chemical mutagens 
(NMU and EMS) in relation to the effects of M1 plants and induction of mutations in 
M2 was made in four chickpea (Cicer arietnum L.) varieties, two desi (G130 and 
H214) one Kabuli (C 104) and one green seeded (L 345). Chemical mutagens were 
more efficient than physical in inducing viable and total number of mutations. Among 
the chemical mutagens NMU was the most potent, while among the physical 
mutagens, gamma rays were more effective.  
Waghmare anad Mehra (2001) studied the spectrum and frequency of chlorophyll 
mutations in M2 generation in an improved cultivar of Lathyrus sativus  (P 27) with a 
range of gamma rays (50, 100, 150, 200, 250, 300, 350 and  400 Gy) and ethyl 
methane sulphonate (EMS 0.5% (2h and 4 h), 1.0% (2h and 4 h ) doses. Both, gamma 
rays and EMS induced a wider spectrum of chlorophyll mutations. Chlorophyll 
mutations such as clorina, followed by chlorotica and xanatha were found more 
frequent than others. The frequency of chlorophyll mutation was more in EMS treated 
population than gamma rays treated populations. Dose dependent increase in 
chlorophyll mutation rate was observed based on plant population and segregating 
progenies in M2 generation Both mutagenic effectiveness and efficiency were higher at 
lower doses of the mutagen.  
Nandanwar et al. (2001) studied the mutagenic effectiveness and efficiency of 
different doses of gamma rays (40, 50 and 60 kR), ethyl methane sulphonate and 
hydroxylamine (0.1, 0.2 and 0.3%) in two cultivars of mung bean. Conclusively, 
effectiveness of gamma rays did not show any dose dependent increase and 50 kR 
dose was found to be more effective in both the varieties. However, the effectiveness 
of lower doses of chemical mutagens was found more effective than chemical 
mutagens EMS was superior over HA. The mutagenic efficiency increased with the 
increase in the dose of all the mutagens studied in both the varieties. 
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 Koli and Krishna (2002) made a systematic and comparative study of 
mutagenic effectiveness and efficiency of gamma rays, ethyl methan sulphonate 
(EMS) and sodium azide (individual and in combination) based on frequency and 
spectrum of chlorophyll and macro mutations in M2 generation in fenugreek. In 
general effectiveness and efficiency decreases with the increase in doses or 
concentrations of mutagens. The effectiveness and efficiency showed differential 
behaviour in order to their relationship with mutation rate. 
 Wani and Anis (2004a) prepared a comparative study of the frequency and  
spectrum of chlorophyll mutations induced by gamma rays (15, 20,30 and 40kR), 
EMS (0.1%, 0.2%, 0.3% and 0.4%) and combinations (20kR+0.2% EMS, 30kR + 
0.2% EMS, 20kR + 0.3% EMS, 30kR + 0.3% EMS) in M2 generation in two varieties 
of chickpea viz., pusa-212 and pusa-372. Six different types of chlorophyll mutants 
viz, albina, chlorina, maculate, tigrina, virescence and xantha were identified in the 
treated populations. Chlorophyll mutation frequency was calculated on plant 
population basis. Frequency of xantha mutants was highest followed by chlorina and 
other types. Combination treatments in general proved to be most effective followed 
by EMS and gamma rays in inducing maximum frequency of chlorophyll mutations 
(Gamma rays + EMS>EMS> gamma rays). A significant variation in varietal response 
was observed. The coefficient of interaction was less than additive, but synergistic 
effect was also observed. 
 Yadav and Padmaja (2004) studied the induced chlorophyll mutations in the 
two varieties of Cajanus cajan (L) Millspaugh viz. KPL 93115 and ICPL 93117, 
following the treatments of gamma rays and EMS. The chlorophyll mutants were 
quantified on the bases of M2 seedlings and their frequencies were evaluated variety-
wise and mutagen-wise for understanding mutagenic effectiveness of mutagens γ-rays 
and EMS used individual and in combination. Based on the frequency of chlorophyll 
mutants, var. ICPL 93117 appeared to be more responsive to γ-rays as well as EMS. 
 Sharma et al. (2006) analyzed the spectrum and frequency of chlorophyll 
mutation by using gamma rays, EMS and their combinations on two cultivars of 
urdbean (Vigna mungo L. Hepper) viz.,Pant Urd-19 and Pant Urd-30. Five types of 
chlorophyll mutations viz., albina, xantha, viridis, chlorina and maculata were 
identified in both the cultivars. Almost all the combination treatments produced 
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maximum frequency and wider spectrum of chlorophyll mutations followed by single 
treatment of gamma rays or EMS. 
Lal et al. (2009) conducted an investigation on “Induced chlorophyll mutations in black 
gram”. Seeds of Black gram were exposed to gamma rays, sodium azide and their 
combination to obtain the spectrum and frequency of chlorophyll mutations in M2 
generation. Six different types of chlorophyll mutants, namely, albina, xantha, dark xantha, 
chlorina, viridis and striata were induced. The highest frequency of chlorophyll mutations 
was reported in the combination of 60kR+0.03%SA. There was a dose dependent increase 
in the spectrum and frequency of chlorophyll mutations whether mutagens were employed 
singly or in combination. 
Kolar (2011) observed the phenotypic response of Delphinium malabaricum to 
chemical mutagens (EMS and SA) and physical mutagen (gamma rays). Eleven 
different types of chlorophyll mutants namely albina, albina-green, xantha, aurea, 
chlorina, viridis, yellow viridis, tigrina, striata, maculata and variegated types were 
identified  in the treated populations and chlorophyll mutation frequency was 
calculated on plant population basis. Frequency of viridis mutants were highest 
followed by xantha and other types in all the treatments. The treatments of EMS were 
found to be more efficient than SA and gamma rays in inducing chlorophyll mutations. 
Quantitative estimation of chlorophyll pigments was also done in different kinds of 
chlorophyll mutants and chlorophyll content was found in the following decreasing 
order: chlorina > maculata> variegated> striata> tigrina> viridis> yellow viridis> 
albina green> aurea> xantha > albina.  
Chakravarti et al. (2013) studied induced variability and chlorophyll mutation in two 
rice varieties after gamma rays, EMS and their combination treatments. The maximum 
frequency of chlorophyll mutations per 100 M2 plants obtained in M2 generation in 
20kR gamma rays + EMS (0.2%) in Kalanamak following by Badshah Bhog, 
respectively. The Frequency and spectrum of viable mutations per 100 M2 plant was 
maximum in 40kR gamma rays+ EMS (0.2%) in Badshah Bhog genotypes. Among 
chlorophyll mutations, Albino mutant was most frequent in both the genotypes. The 
different types of chlorophyll mutations observed in M2 generation were Albino, 
Xantha, Striata and Viridis. 
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 Ambavane et al. (2014) observed three types of chlorophyll mutations viz., albino, 
xantha and viridis in gamma rays treated population of two finger millet cultivar. 
Based on the chlorophyll mutation frequency in M1 plants, mutagenic effectiveness 
and efficiency were computed. The mutagenic treatments were effective in inducing 
various types of chlorophyll and morphological macro mutants in M2 generation. 
EL-Mouhty et al. (2014) studied the effect of gamma radiation on the structure and 
concentration analysis of chlorophyll and carotene of Coriandrum sativum, and concluded 
that higher doses (20, 40 Gy) made different effect of radiation on the structure of carotene 
and chlorophyll while lower doses does not make effect. 
Remazani and More (2014) treated seeds of grass pea with gamma rays and EMS and 
their combination treatments. Individual treatment of EMS was found to be more 
effective than gamma rays in inducing chlorophyll mutations  
2.5 EFFICIENCY AND EFFECTIVENESS: 
 Effectiveness and efficiency both are the important parameters to evaluate the 
usefulness of the mutagens. The selection of effective and efficient mutagens is very 
essential to recover a high frequency and spectrum of desirable mutations (Solanki & 
Sharma, 1994). Mutagenic effectiveness can be defined as measure of frequency of 
mutations induced by a unit dose of mutagens (Konzak et al., 1965) whereas; 
mutagenic efficiency is the measure of proportion of mutations in relation to 
undesirable changes like lethality, injury, sterility etc. The usefulness of any mutagen 
in plant breeding depends not only on its effectiveness but also upon its efficiency. 
The higher efficiency of a mutagen indicates relatively less biological damage. A 
highly effective mutagen may not necessarily show high efficiency and vice versa. 
Mutagenic effectiveness and efficiency has been worked out in different plants  by 
many workers e.g., lentil (Sharma and Sharma, 1981a), Catharanthus roseus 
(Bhattacharjee et al., 1998), Coriandrum sativum (Sengupta and Datta ,1999),  Vigna 
mungo L. (Deepalakshmi and Kumar,2003 and  Ramya et al., 2013), Vigna 
unguiculata L. (Dhanavel et al., 2008), Cyamopsis tetragonoloba L. (Dubey et al., 
2011), Lathyrus sativus L. (Tripathy et al., 2012), Trigonella foenum-graecum 
(Basheer et al., 2013) and Pisum sativum L. (Govardhan and Lal  2013) 
Kumar and Dubey (1998) studied mutagenic effectiveness and efficiency of gamma 
rays, EMS, DES and their combination treatment in Lathyrus sativus L. and reported 
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an increase in injury with increasing radiation dose in individual as well as in 
combined treatments (gamma rays + EMS and gamma rays + DES). A substantial 
amount of sterility was induced in almost all treatments. The efficiency of individual 
EMS and DES treatments was 2 to 3 times higher in comparison to most other 
mutagenic treatments. EMS proved to be more effective than DES. 
Banu et al. (2001) assessed the mutation frequency, effectiveness and efficiency of 
gamma rays and EMS in cowpea varieties (Co-6 and Vamban-1). Mutagenic 
effectiveness was higher at lower dosage and lower at higher dosage level. When 
comparing both the mutagens, EMS was found to be efficient in giving maximum 
mutations in var. Co-6, while in var. VBN 2 gamma rays treatment in general was 
found to be efficient in providing more mutations. 
Parveen et al. (2006) made a comparative study of the frequency and spectrum of 
chlorophyll mutations induced by MMS, EMS and gamma rays in M2 generation in 
two varieties of Trigonella foenum-graecum viz. Paras-9018 and Krishna- 9001. Four 
different types of chlorophyll mutants’ viz., Albina, Xantha, Chlorina and Maculata 
were identified in the treated populations. Frequency of Xantha mutants was highest 
followed by chlorina and other types. Gamma rays in general proved to be more 
effective followed by EMS and MMS in inducing maximum frequency of chlorophyll 
mutations (gamma rays > EMS > MMS). 
Shah et al. (2008) studied the comparative mutagenic effectiveness and efficiency of 
gamma rays and EMS in two desi (Pb2000 and C44), one Kabuli (Pb1) and one desi x 
kabuli introgression line (CH 40/91) of chickpea. The results revealed that EMS was 
almost seven times more effective and its efficiency was two times higher than that of 
gamma rays. Mutagenic effectiveness and efficiency were found to depend upon 
mutagen type and the genotype and both were higher at lower doses of EMS in three 
genotypes except in desi genotype C44. The introgression line desi X kabuli genotype 
was found to be most resistant towards mutagenic treatments than desi and kabuli 
types. 
   Dhanavel et al. (2008) treated the seeds of Cowpea of variety CO-6 with EMS, DES 
and SA to assess the efficiency and effectiveness of these chemical mutagens. The 
mutagenic effectiveness was found to be the highest at lower concentration with all the 
mutagenic treatments. EMS was found to be more effective than DES and SA. 
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Mutagenic efficiency varied depending upon the criteria selected for its estimation. 
Mutagenic effectiveness and efficiency decreased with increase in all mutagenic 
treatments  
Girija and Dhanavel (2009) studied the mutagenic effectiveness and efficiency of 
gamma rays, EMS and their combined treatments in the genotype of cowpea. The 
frequency of mutation was more in combined treatments than gamma rays and EMS. 
In M1generation based on seed lethality and seedling injury and M2 generation was 
carefully screened for various chlorophyll and viable mutations. Mutagenic 
effectiveness and efficiency increased with the decreased in dose/concentration. EMS 
was proved to be more effective and efficient in causing mutations as compared to 
gamma rays and the combined treatments  
Wani (2009) treated the seeds of two varieties i.e., Pusa 212 and Pusa 372 of chickpea 
with gamma rays, EMS and their combination treatments and calculate the mutagenic 
effectiveness and efficiency based on biological damage in M1 and chlorophyll 
mutations in M2. Mutagenic effectiveness increased with the increase in 
dose/treatment and combination treatment in general proved to be more effective 
followed by individual treatment of EMS and gamma rays. Mutagenic efficiency 
varied depending upon the criteria selected for its estimation. Intermediate treatments 
in general were found more efficient. Varietal sensation was also observed.   
Balai and Krishna (2009) used three chemicals (EMS, SA & HA) on three varieties of 
mung bean and observed a dose dependent increase in reduction in germination, plant 
survival and pollen fertility. The efficiency of most of the treatments was decreased 
with an increase in the dose of mutagen. The highest mutagenic efficiency was 
observed with 0.1% HA on var. RMG-268. Magnitude of effectiveness also decreased 
with higher dose of mutagen.    
Khan and Tyagi (2010) computed the effectiveness and efficiency of gamma rays, 
EMS and combined treatments in terms of lethality and chlorophyll mutations in two 
cultivars of soybean. They observed that the frequencies of chlorophyll mutations 
were high in gamma rays and combined treatments. Four types of mutants viz., albina, 
xantha, chlorine and viridis were observed in the study. Gamma rays were found to be 
more effective to induce chlorophyll mutations in both cultivars. PK-1042 cultivar 
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exhibited higher mutagenic efficiency as compared to Pusa-16 in EMS and gamma 
rays treatment.  
Makeen and Babu (2010) studied mutagenic effectiveness and efficiency of gamma 
rays, sodium azide and their combination treatments in urdbean variety T9.  Result 
revealed that SA was most efficient than gamma ray but frequency of mutagenic 
efficiency and effectiveness was found to be highest at lower doses. Synergetic as well 
as antagonistic effects were also observed in combinations treatment. 
Dube et al., (2011) investigated the mutagenic efficiency and effectiveness of gamma 
rays and EMS in individual and combination treatments in Cyamopsis tetragonoloba 
variety Sharada. The mutagenic efficiency and effectiveness decreased with gamma 
rays followed by EMS and combination treatments. The mutagenic efficiency recorded 
on the basis of percent lethality was more in all treatments as compared to mutagenic 
efficiency on the basis of percent injury. Gamma rays in alone treatments induced 
more mutagenic efficiency as compared to that of EMS in alone treatments.  
Kumar et al. (2012) studied the mutagenic efficiency and effectiveness of gamma-rays 
(10, 15 and 20 kR) and ethyl methane sulfonate (EMS) (0.05, 0.1 and 0.2%) along 
with control in two varieties of Paprika cv. Bydagi Kaddi based on M1 biological 
damages (lethality injury) and M2 viable mutagen frequency. Mutagenic parameters 
like chlorophyll and total mutation frequency were also assessed in M2.The results 
indicated variable response of the variety to gamma rays and EMS. EMS has been 
found more effective; while, gamma irradiations were found efficient in inducing 
viable mutation. 
Kumar and Srivastava (2013) envisages the mutagenic effectiveness and efficiency of 
individual and combined treatments of chemical and physical mutagens i.e. sodium 
azide, gamma rays, and sodium azide+gamma rays and observed that the combined 
treatment of gamma rays and SA was most effective mutagenic treatment in induction 
of mutations in Sesbania cannabina to increase yield component traits. 
Mishra and Singh (2014) studied the effectiveness and efficiency of gamma rays on 2 
different varieties of green gram. Both chlorophyll and morphological mutations were 
studied in the M2 generation to calculate the effectiveness and efficiency of gamma 
rays based on biological damage in M1. Differential response of varieties and doses of 
mutagenic treatment was observed in induction of macro mutation.  The degree of 
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effectiveness and efficiency varied among different mutagenic doses and between two 
varieties. Higher degree of effectiveness and efficiency at lower and intermediate 
doses of mutagens were observed in both the varieties which may be due to less 
biological damage (lethality and sterility).   
Kulthe and Mogle (2014) treated seeds of winged bean with EMS to determine its 
effectiveness and efficiency and observed that effectiveness was reduced when 
concentration of mutagen increased. The mutagenic efficiency increased with increase 
in concentration of mutagen.  
2.6 INDUCTION OF CYTOLOGICAL ABERRATIONS 
Cytological study of mitosis and meiosis is considered to be one of the most dependable 
indices to estimate the potency of mutagen (Siddiqui et al., 1982). EMS induced relatively 
few strand breaks in comparison to physical irradiation mutagen and it leads to inversion or 
deletion mutation (Koornneef et al., 1982).  Results of many investigations revealed that use 
of chemically induced mutants can also provide useful information for understanding the 
function of essential genes by generating weak nonlethal alleles (Kumar and Srivastava 
2011), Mutagen induced chromosomal aberrations have been reported by many 
workers in different plants such as in Pea (Kallo, 1972), triticale (Pushpalatha et al., 
1992), lentil (Reddy and Annadurai, 1992),  Nigella sativa (Mitra and Bhowmik 
1996), fenugreek (Anis and Wani, 1997), Capsicum annum (Anis et al., 2000 ; 
Dhamyanthi and Reddy, 2000 and Salam and Thoppil  2010), broad bean (Bhat, et al., 
2007 and Sharma et al.,2009), Cichorium intybus (Jafri et al., 2011a, and b and Aslam 
et al., 2012),  Coriandrum sativum  (Jafri et al., 2013) and Cicer (Kamble and Patil 
2014). Most of these workers observed dose dependent increase in the frequency of 
chromosomal abnormalities with respect to mutagenic treatments. 
Joshi and Raghuvansi (1965) studied cyto-morphological study in colchicine induced 
variants of Coriandrium sativum and reported that treatment with colchicine and 
cochicine gammaxane not only resulted in the production of polyploids but also 
produced diploid mutants with changed characters. 
Baijal and kaul (1973) studied karyomorphology of Coriandrum sativum  and 
observed diploid chromosome number  in coriander was 22and in cumin it was 14. 
Ideogram of the somatic karyotypes of two species were prepared and discussed. 
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Hore (1977) carried out a detailed karyotype studies on 24 agricultural strains of 
Coriandrum sativum, which show similarity in their chromosome number (2n = 22) 
and morphology. Variation in somatic nuclei with 2n = 15, 23, 24, 25, 27 
chromosomes have been observed. In C. sativum var. W.B4 2n = 24 or extra 2 
chromosomes have been noted in the somatic complement. The extra chromosomes 
were probably B chromosomes. The karyotype analysis together with meiotic studies, 
suggested that structural alteration of chromosomes had contributed to the evolution of 
the different strains within the species.  
Das and Mallick (1989) carried out an extensive karyological analysis including 
determination of somatic chromosome number, chromosome length, volume and 
amount of 4 C DNA on eight different variety of Coriandrum sativum L.   
 Subhash and Nizam (1977) reported that increasing dose of X-rays resulted 
into the formation of increased number of multivalents, fragments, bridges and 
micronuclei in Capsicum annum. Katiyar (1978a) has reported chromosomal 
aberrations like stickiness, altered association, breakage, bridges, laggards and 
abnormal microspores after gamma irradiation in chilli. Pollen sterility increased with 
the increase in dose of gamma rays and abnormalities were comparatively more in M1 
than in M2 generation. Similar results were also reported by Rao and Laxmi, 1980; 
Tarar and Dnyansagar, 1980; Subhash and Venkatrajam, 1983. 
Katiyar et al. (1978) irradiated the seeds of Capsicum annum L. and studied meiotic 
aberrations and pollen sterility in M1 and M2 generations. Chromosomal aberrations 
included stickiness, altered association, breakage, bridges, unequal segregation, 
laggards and abnormal microspores and found that their frequencies were dose-
dependent. Pollen sterility showed dose dependent increase. The percentage of 
chromosomal aberrations was more in M1 than M2, which could be due to the 
operation of recovery mechanisms or elimination of damaged chromosomes in the 
intervening period. 
Sinha (1985) reported cytomixis during microsporogenesis in 11 species belonging to 
8 genera of the family Scrophulariaceae. In almost all the species except Lindenbergia 
indica the phenomenon was reported for the first time. The phenomenon has been 
observed in the material collected from natural populations. Number of chromatin 
material migrating from one PMC to another varies from one to entire. Normally only 
two PMCs were seen involved at a time, but in some cases 4-7 PMCs were seen 
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involved in the phenomenon at a time, forming a chain or a group. As a rule the flow 
of chromatin from one PMC to another was found to be unidirectional but sometimes a 
PMC has been seen passing its chromatin material to two different PMCs in two 
different directions at a time. 
 Dixit and Dubey (1986) treated the dry and dormant seeds of lentil (Lens 
culinaris Med.) var. T-36 with varying concentrations of EMS, NMU and DES. 
Meiotic study revealed that a high frequency of translocations leading to multivalent 
associations involving varying number of chromosomes were induced in all the 
treatments in plants raised from these seeds. Meiotic aberrations increased with the 
increasing in concentration of mutagen up to a certain level but decreased above it in 
all the three mutagens. NMU was more effective followed by EMS and DES. 
Jayaabalan and Rao (1987a) irradiated healthy, dry seeds of Lycopersicon esculentum 
Mill variety of with 10 kR, 20kR, 30kR, 40kR and 50 kR doses of gamma rays. 
Meiotic studies were carried out in treated as well as control plants. At metaphase I, 
meiotic abnormalities like clumping and stickiness of chromosomes, univalents, 
multivalent, fragments and irregular grouping of chromosomes were observed. At 
anaphase I, there were laggards and unequal grouping of chromosomes at poles. 
Germination percentage and pollen fertility were also studied.  
 Reddy and Annadurai (1992) studied the effect of gamma rays, EMS, sodium 
azide and their combinations on various cytological parameters in M2 generation in 
lentil variety PL 639. The mean values of quadrivalents, univalents, fragments, bridges 
and pollen sterility showed increase in mutagenic treated population, while the 
chiasma frequency was decreased. Combined treatments showed additive effect. EMS 
produced slightly more abnormalities over sodium azide. 
Reddy et al. (1992) noted meiotic abnormalities in lentil (Lens culinaris Medik) 
induced by γ-rays, EMS, SA and their combination treatments. In M1 generation the 
aberrations recorded were quadrivalents, trivalents, ring and rod bivalents, unoriented 
chromosomes, bridges, fragments, micronuclei, pollen sterility and number of seeds 
per plant. Combined treatments exhibited higher abnormalities and meiotic 
abnormalities increased with dose, duration and concentration of mutagens 
 Ahmad (1993) irradiated the dry, dormant seeds of two cultivars i.e., CSIMF & 
F 10 of Cicer arietinum L. with 20, 35, 60, 75, 110 and 150 kR gamma rays. Meiotic 
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studies were carried in control as well as in irradiated population. The meiotic 
abnormalities observed were stickiness, univalents, multivalents, bridges, laggards and 
unequal segregation of chromosomes. In generala, the meiotic abnormalities increased 
with the increase of radiation doses in both cultivars. However, cultivar F10 showed 
more chromosomal abnormalities as compared to cultivar CSIMF. 
Mitra and Bhowmik (1996) recorded mutagenic sensitivity after gamma rays and EMS 
treatments in two cultivars of black cumin (Nigella sativa). Mitotic index was found to 
decrease with increasing doses/concentrations of mutagens, but the mitotic and meiotic 
abnormalities showed increasing trends with mutagen doses. They observed no 
varietal differences with regard to mitotic index as well as cytological abnormalities.  
Kumar and Dubey (1998c) studied the effect of gamma-rays, EMS and DES on 
meiosis, pollen and seed sterility and survival percentage in M1 generation of Lathyrus 
sativus L. High frequency of translocations leading to multivalent associations 
involving varying number of chromosomes were induced in all the treatments. There 
was an increase in meiotic abnormalities with an increase in radiation dose 
individually as well as in combination with a chemical mutagen. Highest gamma ray 
dose individually proved to be most effective in inducing meiotic abnormalities. 
However, this dose combined with DES induced greater pollen and seed sterility and 
lower survival percentage. . 
Kumar and Srivastava (2001a) observed cytomixis in plants of Plantago ovata Forsk 
raised from seeds treated with three different treatment durations viz., 3, 5 and 7 hrs of 
0.5% EMS. Chromosome transfer between microsporocytes occurred from the 
pachytene to telophase-II stages of meiosis. Two, three or a series of several cells were 
involved in cytomixis. The number of transferred chromosomes ranged from a few to 
entire complement thereby causing aneuploidy or polyploidy in Plantago ovata. 
Kumar and Srivastava (2001b) studied the effect of sodium azide on various 
cytological parameters in Plantago ovata Forsk. A considerable reduction in chiasma 
frequency with the increase in mutagenic concentration was noticed. A large number 
of interesting karyological and cytoplasmic irregularities viz., clumping, linking of 
bivalents, precocious movement, translocation ring, bridges, laggards, transmigration 
of chromosomes, corroding etc. were observed at different stages of meiosis in the 
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treated plants. The percentage of abnormalities was found to be dose dependent among 
mutagen treated populations. 
Abbasi and Anis (2002) studied the relative effects of sodium azide (SA), maleic 
hydrazide (MH) and dimethyl sulphate (DMS) on meiosis and pollen sterility in 
Trigonella foenum-graecum in M1 generation. Meiotic studies revealed various 
aberrations like stickness, laggards, univalents and multivalents, bridges, precocious 
separation, micro-nuclei, disturbed polarity and cytomixis. Among the different stages 
of meiosis, the frequency of chromosomal aberrations was maximum at metaphase 
stage and shows a linear increase with dose/concentration, with all three mutagens. 
However, DMS induced maximum frequency of aberrations followed by MH and SA. 
Pollen sterility seemed to be the cumulative result of various meiotic aberrations. 
 Kumar et al. (2003) carried out the cytological investigations in the experimental sets 
of individual and combined treatments of gamma rays and ethyl methane sulphonate 
on Lens culinaris. The plants in the treated sets showed varying degrees of meiotic 
irregularities almost at all the treatment doses. The frequency of meiotic irregularities 
was more in the combined treatments than the individual sets. The various types of 
meiotic abnormalities were multivalents univalents, stickiness, precocious movement 
of chromosomes, unorientation, laggards and bridges. Taking the percentage of 
meiotic abnormalities and pollen sterility as an index of effectiveness of a mutagen the 
combination treatment proved to be the most effective. 
Sheidai and Koobaz (2003) performed a cytogenetic and morphometric study on 5 M4 
gamma irradiated tetraploid cotton cultivars (Gossipium hirsutum L.). The mutant 
lines varied significantly in their meiotic characteristics. Meiotic abnormalities 
including cytomixis, formation of laggard chromosome, stickiness as well as 
disorganized chromosome may be responsible for the reduction in pollen fertility and 
abnormal pollen grain formation in cotton cultivars. The cultivars differed 
significantly in their morphometric characteristics indicating their genomic 
differences. Haroun et al. (2004) observed cytomixis in pollen mother cells of Vicia 
faba L. (Fabaceae). Plant material was collected from the eight different sites, and 
cytomixis has been noted in six of them. Four of these sites recorded high percentage 
of cytomixis, where the two other sites showed low concentration of this phenomenon. 
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 Joshi and Verma (2004) isolated one medium strong asynaptic mutant of Vicia 
faba L. (2n=12) from M2 population of 0.2% EMS treated seeds. At diakinesis/ 
metaphase-I of meiosis number of univalents ranged from 2-8 in 90% PMCs in M2 and 
2-4 in 44% of PMCs in M3. A significant decrease in the number of chiasmata in 
asynaptic mutant as compared to the control was found. The metacentric chromosome 
pair did not show univalents. The pollen fertility was also reduced to 35%. The 
inheritance of this asynaptic mutant was probably of monogenic recessive type. 
 Verma et al. (2004) induced in broad bean (Vicia faba L.) seven translocation 
heterozygotes (5 with gamma rays and 2 with EMS treatment) and 2 paracentric 
inversion hetrozygotes (in gamma ray treated materials). Three of the translocation 
heterozygotes involved the metacentric chromosome pair whereas the remaining 4 had 
translocation in the acrocentric chromosome pairs. 
 Kumar and Rai (2005) studied the EMS induced genetic variability in soybean 
(Glycine max). He detected the effectiveness and efficiency of EMS in inducing 
chromosomal aberrations and morphological variations by treating the seeds of 
soybean with EMS for different durations. A number of chromosomal aberrations like 
stickiness, precocious movements, laggards, univalents, unorientation, secondary 
association, bridges, micronuclei etc were observed in the treated sets. There was a 
progressive increase in chromosomal abnormalities with the increase in dose duration. 
The study revealed that EMS was capable of inducing a large number of chromosomal 
abnormalities in soybean and also that the 5 hours duration treatment was the most 
suitable dose from practical breeding point. 
Bhat et al. (2005a) provided a relative account of cytological and developmental 
effects of gamma rays, EMS and MMS on meiotic features and pollen fertility in Vicia 
faba L. Studies undertaken in M1 generation on the variety minor of this species 
showed that both the physical and chemical mutagens induced various kinds of 
chromosomal aberrations and reduction in pollen fertility. Such effects were dose 
dependent and positively correlated with dose/concentration. However, the induction 
of meiotic aberrations was observed to be higher under MMS treatments followed by 
gamma rays and EMS, suggesting that MMS could be more effective in inducing 
genetic variability followed by gamma rays and EMS in this crop. 
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 Bhat et al. (2005b) studied the relative effects of EMS and MMS on meiosis 
and pollen sterility in Vicia faba L. var. major in M1 generation. Meiotic studies 
revealed various aberrations like stickiness, laggards, bridges, precocious separations, 
disturbed polarity, cytomixis and non-synchronisation.  Stickiness of chromosomes 
was the most common aberration followed by bridges and precocious separation. 
Among the different stages of meiosis the frequency of chromosomal aberrations was 
maximum at metaphase-I stage and showed a linear increase with increase in 
concentration, with both the mutagens. However, MMS induced maximum frequency 
of aberrations than EMS. Pollen sterility was the cumulative result of various meiotic 
aberrations. 
Bhat et al. (2005) provided a relative account of cytological and developmental effects 
of gamma rays. EMS and MMS on meiotic features and pollen fertility in Vicia faba 
L. Studies undertaken in M1 generation on the variety ‘minor’ of this species showed 
that both the physical and chemical mutagens elicit various kinds of chromosomal 
aberrations and reduction in pollen fertility. Such effects were dose dependent and 
positively correlated with dose/concentrations. However, the induction of meiotic 
aberrations was observed to be higher under MMS treatments followed by gamma rays 
and EMS, suggesting that MMS could be more effective in inducing genetic variability 
followed by gamma rays and EMS in this crop.  
Jabee and Ansari (2005) reported the mutagenic effectiveness and efficiency of 
Hydrazine sulphate (HS) a mutagen producing mainly single locus change, in inducing 
cytomorphological mutations in Cicer arientinum L. var. K-850. Variations in seed 
germination, growth, morphology, pollen fertility and yield have been obtained in M1, 
M2 and M3 generations. Lower doses of HS were more effective and efficient, but 
followed a declining trend with increasing concentrations of HS in var. K-850. 
Significant dose dependent variations in chromosomal behaviour have been recorded. 
Kumar and Rai (2005) studied EMS induced genetic variability in soya bean. The 
seeds of soyabean were treated with different concentrations of EMS for different 
durations with a view to study its efficiency and effectiveness in inducing 
chromosomal aberrations and morphological variations. A number of chromosomal 
aberrations like stickiness, precocious movement, laggards, univalents, un-orientation, 
secondary association, bridges and micronuclei etc. were observed in treated sets 
There was a progressive increase in chromosomal abnormalities with the increase in 
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dose duration. Study revealed that EMS was capable of inducing a large number of 
chromosomal abnormalities in soyabean. Bhat et al. (2006a) carried out the meiotic 
studies in two varieties of Vicia faba L. viz., major and minor after treatment with 
different concentrations of EMS. Different types of meiotic abnormalities such as 
stickiness, univalents, multivalents, unorientation of chromosomes, precocious 
separation of chromosomes at metaphase, bridges, laggards and unequal separation of 
chromosomes at anaphase were recorded. The meiotic aberrations in both the varieties 
were dose dependent, however, Vicia faba L. variety minor showed more 
chromosomal aberrations as compared to Vicia faba L. variety ‘major’ at the same 
treatment. 
Bhat et al. (2006b) studied the relative effects of EMS on meiosis and pollen fertility 
in Vivia faba L. var. ‘minor’ in M1 generation. Meiotic studies revealed various types 
of chromosomal aberrations like stickiness, laggards, bridges, precocious separations, 
disturbed polarity, cytomixis and non-synchronisation. Stickiness of chromosomes 
was the most common aberration followed by bridges and precocious separation. 
Among the different stages of meiosis the frequency of chromosomal aberrations was 
maximum at metaphase-I stage and showed a linear increase with increase in 
concentration of the mutagen. Pollen sterility was the cumulative result of various 
meiotic aberrations. 
Bhat et al. (2006d) reported cytomixis during microsporogenesis in various stages of 
meiosis in MMS treated populations of Vicia faba L. Cytomixis was observed to occur 
through various methods, i.e. by forming cytoplasmic channels and direct fusion of 
pollen mother cells. The migration of nuclear content involved all the 
chromatin/chromosomes or part of it from donor to recipient cell/cells. The occurrence 
of PMCs with chromosome numbers deviating from diploid number (2n=12) through 
the process of cytomixis lead to the production of aneuploid cells in all the populations 
treated with various concentrations of MMS. Increasing concentration of MMS had a 
positive effect on the percentage of PMCs showing cytomixis. The level of pollen 
fertility was found to be affected by cytomixis and chromosome stickiness. It seems 
possible that genetic factors might have also contributed towards pollen sterility. 
Kumar and Gupta (2009) induced karyomorphological variations after different duration of 
EMS treatment in three pheno-deviants of Capsicum annuum L. Many chromosomal 
anomalies like stickiness, bridges, and multivalents, secondary associations, laggards, and 
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precocious movement were observed in all 3 durations of treatment. These anomalies 
showed a dose dependent increase in aberration frequency. The morphological parameters 
showed a decreasing trend along with the increasing doses. However, with the 7 h dose 3 
morphologically distinct plants were isolated, which varied not only from other sib plants 
but also from control plants. These plants were characterized by increases in plant 
height, number of nodes, 100-seed weight, and leaf area, and a decrease in the days to 
maturity.  Cytological analysis revealed a predominance of bridges and increased 
frequency of bridges in all 3 plants.  
Salam and Thoppil (2010) observed various types of meiotic chromosomal aberrations 
and a dose dependant decrease in pollen fertility in M1 generation of Capsicum 
annuum L. after EMS treatment. The frequencies of chromosomal abnormalities 
increased with the increase in mutagenic concentrations. Varietal response to the 
chromosomal aberrations was very pronounced, i.e. the variety Ujwala was more 
sensitive and the frequency of aberrations was comparatively high at all the mutagen 
doses.  
Kumar and Srivastava (2011) investigated the mutagenic effect of different time 
durations (1, 3, 5, and 7 hours) of 0.5% EMS on pollen mother cells of Sesbania 
cannabina and their study revealed various types of chromosomal aberrations which 
were in dependent manner. PMCs exhibited an increased incidence of chromosomal 
bridges, unorientation, laggards and precocious movement etc. at each dose of 
treatment. Anaphasic and telophasic bridges were major abnormalities and found to be 
highest at 3 hr dose of treatment. Anaphasic bridges were more prominent than 
telophasic bridges and percentages of different types of bridges at anaphase and 
telophase were also studied and scored.  
Jafri et al. (2011a) carried out  a cytogenetical investigations in Cichorium intybus 
plants derived from EMS (0.1, 0.2, 0.3, 0.4 and 0.5% ) treated seeds  and observed a 
varying degrees of meiotic irregularities which were positively correlated with 
increasing concentrations of mutagen. 
Jafri et al. (2012) carried out cytogenetical investigation in M1 population of Hordeum 
vulgare raised from seeds treated with different concentrations of EMS and HZ. The 
frequency of meiotic irregularities was found to be more in HZ treatment than EMS. 
The various types of meiotic abnormalities such as univalents, multivalents, stickiness, 
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precocious movement, stray bivalents, non-orientation, cytomixis, laggard, bridges, 
unequal separation, micronuclei and disturbed polarities were observed. Taking the 
percentage of meiotic abnormalities and pollen sterility as an index of effectiveness of 
a mutagen, HZ treatment was found to be more effective 
Jafri  et al. (2013) investigated  the mutagenic effects of individual and combination 
treatment of gamma rays and EMS on Corriandrum sativum L. Result revealed the 
meiotic malfunctioning of pollen mother cells (PMCs) that had shared various types of 
cytological abnormalities such as univalents, multivalents, stickiness,  precocious 
movement, stray bivalent, non-orientation, cytomixis, laggard, bridges, unequal 
separation, micronuclei and  disturbed polarities. Increasing tendency of abnormality 
percentage along with increasing dose/concentration of mutagens was registered and 
asymmetrical distribution of chromatin material in PMCs had definitely affected the 
pollen fertility and resulted in increased pollen sterility. 
Husain et al. (2013) studied the effect of two chemical mutagens viz. hydrazine 
hydrate (HZ) and maleic hydrazide (MH) on the two varieties (NDF-1 and HB-405) of 
Vicia faba in terms of meiotic behavior and pollen sterility. The lower concentration of 
mutagens showed less pollen sterility compared to the higher concentrations. They 
concluded that meiosis is a complex process that coordinates activity involving several 
genes and that mutation in any of these genes leads to irregularities.  
Kolar et al. (2014) made an attempt to understand the effects of ethyl methane 
sulfonate (EMS), sodium azide (SA) and gamma rays on the meiotic configuration 
of Delphinium malabaricum. The results demonstrated that the mutagens caused 
various types of cytological aberrations, such as univalents, chromatin bridges, 
laggards, fragments, stickiness and multinucleated cells. The maximum aberrations 
were found at higher doses/concentrations of the mutagens. The highest percentage of 
pollen mother cells showing abnormalities was induced by EMS followed by gamma 
rays and SA. The mutagen impact on chromosomal anomalies increased the frequency 
of pollen sterility. 
2.7 INDUCED VARIABILITY FOR QUANTITATIVE TRAITS 
Most of the traits of interest in plant breeding (e.g., yield, height, drought resistance, 
disease resistance in many species, etc.) are quantitative, also called polygenic, 
continuous, multifactorial or complex traits. Main interests of a plant breeder are 
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quantitative traits, which are controlled by polygenic interactions. Modern day plant 
breeding is based on creating variation, selection, evaluation and multiplication of 
desired genotypes. The significance of micro mutations in the evolution was first 
recognized and emphasized by Baur (1924) and later it has been studied by many 
workers in different crop plants. Gaul (1965) has emphasized the significance of micro 
mutations in plant breeding by stating that all the morphological and physiological 
characters are affected by micro mutations and they might have higher mutation rates 
than the macro mutations. Different workers have reported increased variability for 
different agronomic characters in mutagen treated populations as observed by 
significant changes in the mean and coefficient of variability in comparison to control. 
Majority of the results suggest a negative shift (Singh, 1988a) although in some cases 
positive shift was also observed (Mandal, 1974; Kumar et al., 1981). In some early 
studies on the use of mutations for improvement of quantitative traits, it was found that 
the traits differ in their response to the mutagenic treatments. Variance level may be 
less responsive in one trait and highly responsive in other (Kaul and Kumar, 1983; 
Sharma, 1995; Khan and Wani, 2006, Gvozdenovic et al. 2009, Wani 2011). A 
quantitative trait is a measurable trait that depends on the cumulative action of many 
genes and their interaction with the environment that can vary among individuals over 
a given range to produce a continuous distribution of phenotypes (Sham et al. 2002) 
Several workers have so far reported encouraging results about the induction of useful 
quantitative variability in different crop plants viz; Khan (1984), Mehetre et al. (1990), 
Tickoo and Chandra (1999), in mungbean; Sharma and Sharma (1981) in lentil; Singh 
et al. (2000b) in urdbean; Khan and Wani (2006) in green gram; Jagajanantham et al. 
(2012) in Abelmoschus esculentus and Wani (2011) in Cicer arietinum L. 
Singh and Ramanujam (1972) made the two crosses, viz., S. 15 × S. 110 and S. 15 × 
PSWF, in coriander to observe the gene effects through analysis of generations and 
concluded that gene action involved in the cremocarp yield. 
Singh et al. (1999) observed the mutagenic effects of gamma rays (10, 20, 30 and 
40kR) and ethyl methane sulphonate (0.01, 0.023, 0.03 and 0.04M) alone or in 
combination (10kR+0.02M, 20kR + 0.02M, 30kR + 0.02M and 40kR + 0.02M) on 
frequency and spectrum of chlorophyll and macro mutations in two cultivars, namely 
PDU, and T-9. Conclusively, the combination treatments have yielded the higher 
frequency and spectrum of chlorophyll mutations whereas the various doses of 
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mutagenic agents have independent response towards macro mutations in both the 
cultivars. 
Sing et al. (2001) evaluated the extent of genetic variability in the four quantitative 
characters in M2 generation following mutagenesis with gamma rays, EMS and 
epichlorhydrin (ECH) in mungbean. The range of induced variability was assessed by 
basic statistics such as range, mean, variance and coefficients of variation, heritability 
and genetic advance.  Estimates of heritability and genetic advance increased 
significantly in the treated populations and varied from trait to trait, combination of 
higher value of heritability and genetic advance were noticed for the characters like 
number of pods/plant, number of seeds/pods and yield/plant. 
Ramesh and Reddi (2002) studied the morphological variability among three cultivars 
of Rice (Oryza sativa L.) viz., Aditya, Annada and IR-36 irradiated with 15, 25, 35 
and 45 kR doses of gamma rays. Seedling height showed significant variability for 
mutagen doses and cultivars. On the other hand, leaf number significantly varied 
among cultivars only.  
Sengupta and Dutta (2004) assessed the induced polygenic variability for 3 important 
yield related traits (number capsules/plant, capsule length and number of 
seeds/capsule) and yield per plant in M2 and M3 progenies in sesame (Sesamum 
indicum L.) following treatments with EMS, DES, NHO2, NH2OH, NaN3 and H2O2 at 
0.25% and 0.50% concentrations for 2 and 4 h durations. Mutagenic treatments have 
induced wider magnitude of genetic variability than control and some M3 populations 
have shown it in positive direction offering scope for selection and utilization for crop 
improvement. 
Wani and Anis (2004) studied the effect of - rays, EMS and their combination 
treatments on various quantitative traits in chickpea (Cicer arietinum L.) varieties 
Pusa-212 and Pusa-372. Data of eight quantitative traits viz., days taken to flowering 
and maturity, plant height (cm), number of primary branches per plant, number of 
pods per plant, number of seeds per pod; 100-seed weight (g) and total seed yield per 
plant (g) were recorded for all the mutagenic treatments. The lower dose treatments in 
general, showed stimulatory effect whereas, higher treatments showed inhibitory 
effects on the mean performance of all the polygenic traits.  
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Khan et al. (2004) treated two mungbean varieties with sodium azide (SA) as a 
mutagen and observed that all the mutagenic treatments brought reduction in seed 
germination, pollen fertility and survival at maturity. Significant shift in mean values 
for quantitative characters was observed in M2 and M3 generations and genetic 
parameters were recorded higher for all the treatments in both the generations.  
Singh et al. (2004) treated the seeds of two improved cultivars of urdbean (Vigna 
mungo L. Hepper), namely, PDU1 and T9 with single and combined 
doses/concentrations of gamma rays, EMS and SA. A number of various types of B 
morphological macro mutations were induced in M2 generation. Out of these, 14 
mutants from PDU1 and 13 from T9 were identified as true breeding for plant 
morphology, pod and seed characters and early maturity in M2 generation. Many 
macro mutants showed significant improvement in yield and other yield components 
as compared to their parents. 
Khan and Wani (2005) carried out the genetic variability and correlations studies in 
the M3 mutants of chickpea (Cicer arietinum L.) varieties Avrodhi and BG-256 
following the treatment with 0.02% hydrazine hydrate (HZ). The study indicated that 
sufficient genetic variability was present for number of fertile branches, pods and plant 
yield in the mutants. Thus, these mutants have a higher selection value and breeding 
significance.  
Kulthe and Kathekar (2006) induced morphological mutants in winged bean 
(Psophocarpus tetragonolobus. The seeds of winged bean var. EC 38955 (A) were 
treated with three concentrations of EMS and NMU. Various morphological mutants 
were recorded in M2 and M3 generations. Nine different mutants were isolated within 
which high yielding, early maturing, dwarf, non-shattering pod mutants have useful 
potential and are indicative of the genetic improvement of winged bean crop.  
Khan and Wani (2006) induced variability by EMS for four quantitative traits viz., 
number of fertile branches/plant, number of pods/plant, 100-seed weight (g) and 
yield/plant (g) in M2 and M3 generations of green gram (Vigna radiata L. Wilczek) 
var. Asha. A significant shift in mean values in the positive direction was observed for 
all the quantitative traits. High values of heritability and genetic advance over the 
control indicated the possibility of inducing desirable mutations for polygenic traits 
accompanied with effective selection in M2 and later generations. Yield/plant was 
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positively correlated with various yield contributing traits, but did not show any 
association with seed protein content. 
Ramkrishna (2008) studied both M1 and M2 generations of certain genotypes of seed 
spices (fenugreek, cumin, fennel and coriander) resulting from treatment of the 
mutagens in respect of yield and yield attributes and other phenotypic alterations 
(Chlorophyll and other macro mutations). Fenugreek was found relatively most radio 
and chemo-resistant followed by cumin.  Mutagenic efficiency also varied noticeably 
between crops and mutagens; gamma rays were relatively more potent on cumin as 
compared to chemical mutagens whereas on fennel it was just reverse.  
Gnanamurthy et al. (2012) treated seeds of Maize with different concentration of 
chemical mutagens (EMS, DES and SA) for inducing mutation. They observed that 
increasing concentration of EMS, DES and SA decreased in phenotypic and yield 
characters.  
Arefrad et al. (2012) induced mutation on Glycine max by using different doses of 
gamma rays. Single suitable plant was selected in M2 and evaluated at M3 and M4 
along with its parent and three other varieties. M-80-709 and M-160-3429 mutant lines 
were significantly shorter (55.05 and 72.04 cm respectively). The number of branches 
were however significantly more (8.70 and 11.53 respectively) compared to the parent 
cultivar (80.82 cm and 6.10 respectively) besides, the M-160-3429 was characterized 
by highest grain yield and oil content (38.25 g and 19.22% respectively), in compare 
with its parent (12.73 g and 19.09% respectively). They concluded that mutation 
breeding procedures at the ranges of 80 to 160 Gy is a capable method for breeding 
higher grain yield including increasing the oil content as well. 
Ibrahim (2013) treated the seeds of rice with gamma irradiation and studied its effect 
in M1 and M2 generation. He observed that 15 kR dose recorded the highest mean 
value of heading date and plant height in both generation and number of panicles/plant 
in M1 generation. The dose of 20 kR recorded significantly higher fertility percentage 
and number of branches/panicle in M2 generation and number of panicles/plant in M1 
generation. The dose of 25Kr produced the highest number of panicles/plant and 
number of spikelets/panicle in M2 generation with in-significance difference with the 
control. Among all treatments, the dose of 25 kR gamma radiation produced the 
highest variations. 
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2.8 MUTATIONS AFFECTING PLANT MORPHOLOGY AND YIELD 
Mutagenesis has proved to be the handy tool to enhance the natural mutational rate, 
thereby enlarging the genetic variability and increasing the scope for obtaining desired 
selections. Macro mutations (distinct qualitative genetic variations) are easily 
identified and therefore can be efficiently selected for varietal development programs 
(Micke et al. 2011). In recent times, different morphological mutations showing 
contrasting variations in stem habit, internodes morphology, leaf and stipule 
morphology, pod indehiscence, flower, seed size, seed shape and seed coat colour etc. 
have been successfully induced through induced mutagenesis in different crop plants. 
Many physical and chemical mutagens have been used for induction of useful 
mutations in a number of crops.  
Sharma and Datta (1957) artificially induced tetraploid in Coriandrum sativum L. 
through colchicine treatment. The tetraploids showed a considerable change in 
characters of the stomata, guard cells, epidermal cells, as well as the stomatal 
frequency and index.  
Mishra et al.  (2000) irradiated dry seeds of Cymbopogon martinii with different doses 
of gamma rays and observed one dwarf, bushy, nodal tillering mutant during screening 
of M2 generation.  The mean values indicated that all the traits except oil content were 
in decreasing order. There was negligible difference in essential oil quality in dwarf 
mutants as compared to control. Dwarf stature, bushy nature and thin stem with nodal 
tillering, increased oil content and oil productivity.  
Shah et al. (2001) developed a new oil seed Brassica napus L cv. ABASIN-95 by 
induced mutation. They exposed seeds of B. napus L. cv. Tower to 1.0, 1.2 and 1.4 
KGy gamma rays and the resulting new variety was high yielding, resistant to 
Alternaria blight and white rust. 
Datta and Sengupta (2002) studied frequency and spectrum of viable macro mutations 
induced in two cultivated varieties of Coriandrum sativum following gamma 
irradiations and EMS treatments. Various plant parts of coriander were affected by 
mutation resulting into alteration of the plant ideotype.   
Chaudhary and Ramkrishna (2003) made an attempt on mutation breeding programme 
with selective mutagenic doses in three coriander varieties of Coriandrum sativum L 
to investigate the polygenic variation in M4 progenies for yield and yield attributes. 
                                                                                                                     Review of literature 
 
42 
 
Results indicated the existence of influence of genetic constitution of the parents on 
the fate of their progenies in advanced generation. Most progenies of RCr-20 and RCr 
41 seemed to have undergone inbreeding depression whereas those of RCr-436 have 
frequently out yielded the control. It is remarkable that in case of RCr-436, the parent 
and M4 progenies have shown a high magnitude of C.V. for yield per plant and 
umbels/plant as well. 
Jabeen and Mirza (2004) induced morphological mutations in Capsicum annuum by 
using EMS. Several unique and interesting mutants were isolated which have different 
phenotypes from control. The most distinct mutants included tall, dwarf, sterile, early 
maturing and late maturing. The change in leaf area, leaf arrangement, shape of leaves, 
pattern of branching and symmetry of flower was also observed. 
Khan and Wani (2004) isolated few mutants of mungbean (Vigna radiata) following 
the treatments with EMS (0.1%), SA (0.01%) and MMS (0.02%). These mutants were 
distinctly much superior over the control plant with regard to seed yield per plant, 
number of fertile branches and the number of pods per plant. Genotypic coefficient of 
variation, heritability and the genetic advance for these three quantitative characters 
were recorded to be higher in all these mutants. 
Bhat et al. (2006c) reported induced pod and seed mutants at 10kR of gamma rays and 
a closed flower mutant at 0.04% of MMS in Vicia faba L. variety ‘minor’. The 
induced pod and seed mutants were isolated in M1 generation and their breeding 
behaviour was studied by raising M2 and M3 generations.  
Wani and Anis (2008) isolated three bold-seeded high-yielding mutants from the M2 
progeny of chickpea var. Pusa-212, viz. Pusa-212 A (200 Gy), Pusa-212 C (400 Gy), 
and Pusa-212 F (300 Gy + 0.2% EMS). The mutants were morphologically quite 
distinct, as compared to the control and to each other.  
Ramachandra et al. (2008) studied mutagenic effect of different concentrations of 
EMS in patchouli, and  isolated several economically useful mutants showing 
variations in horticultural as well essential oil characteristics. They observed that the 
vegetative growth showed inverse relationship with the EMS concentrations and high 
frequency of alteration in oil content and oil yield in several treatments. 
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Singh and Balyan .(2009)  isolated mutants characterized by reduced plant height, 
square head, awnless ear, amber seed color, bold seeds and storage capacity  in bread 
wheat (Triticum aestivum L)  derived from gamma rays treated M2 population. The 
pattern of segregation was found to be controlled by monogenic recessive control of 
mutant phenotypes and showed a good fit for 3 normal:1 mutant and 1 normal:2 
segregating:1 mutant between and within the progenies respectively. These progenies 
had significantly higher mean values for number of tillers per plant and number of 
spikelets per spike (progeny no. 398), biological yield, number of tillers per plant and 
number of spikelets per spike (progeny no. 446-7) and harvest index (progeny no. 621) 
compared to the control cv. Kharchia 65.  
Nadaf et al. (2009) induced polygenic variability for yield and its components in two 
cultivars of peanut (Arachis hypogaea L.) after gamma radiation and EMS treatment. 
The mutagenized populations showed significantly higher variability in the M2 
generation. Mutant lines showing higher yield per plant than the respective parents and 
checks were isolated in M2 and subsequent generation. The evaluation of 10 superior 
mutants isolated in M4 over three successive generation yielded few mutants 
performing better over the parents and checks. In both the genotypes, superior mutants 
were isolated from 200Gy treatment, indicating effectiveness of the mutagen in 
obtaining the desired trait.  
Azad (2010) isolated the mutants from EMS and SA treated of mungbean variety Asha 
in M3 generation for higher plant yield which showed higher values for the number of 
fertile branches and pods per plant as compared to control. Coefficient of variations, 
heritability and the genetic advance for the number of fertile branches, number of pods 
and the total plant yield also revealed a higher value in all the mutants.  
Wani (2011) investigated the frequency and spectrum of morphological mutants 
induced by gamma rays and EMS in chickpea.The M2 population was carefully 
screened for various viable macro mutations. A wide spectrum of viable 
morphological mutations affecting almost all parts of the plant were isolated in the M2 
generation. The most striking mutants isolated included tall, dwarf, broad-leaved, 
white-flowered, bold-seeded and high-yielding mutants. Differences in varietal 
response to different mutagens was clearly evident as both of the varieties differed in 
the spectrum and frequency of mutations induced. Combination treatments were most 
effective in inducing a wider spectrum and maximum frequency of macro mutations, 
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followed by EMS. Most of the macro mutants were confirmed to be true-breeding in 
the M3 generation except for the highly sterile ones.  
Latif et al. (2011) Irradiate coriander seedlings with different doses of gamma rays  
and observed a dose dependent increase in the yield of volatile oil percent and 
bioactive component. 
Rahimi and  Bahrani (2011) studied the effect of gamma irradiation on some 
quantitative characters in Brassica napus L i.e.,  plant height, harvest index, 1000-seed 
weight, seed yield, seed oil percent, linolenic, and oleic fatty acids. Study 
demonstrated that higher doses of gamma irradiation decreased all traits but 100 Gy 
irradiation was the best rate for increasing all traits.  
Ramesh et al. (2011) used mulberry variety M5 for the induction of variation through 
colchicine treatment. Sprouting%, rooting% and plant height were decreased with a 
linear increase in the percentage of colchicine used. Increase in leaf area was observed 
at 0.4% and 0.5% when compared to control plants. Thick, succulent and dark leaves 
were found associated with the increased leaf area.  
Jagajanantham et al. (2012) studied the effect of gamma rays on morphological 
characters and yield parameters in Abelmoschus esculentus (Bhendi) and reported that 
the germination percentage, days of first flower, root length, shoot length, seedling 
survival, number of fruits per plant, fruit length, seed yield per plant, fresh weight per 
plant, dry weight per plant, 100-seed weight decreased with increasing level of gamma 
rays treatment.  
Malek (2012) irradiated Seeds of mustard variety BARIsarisha-11 .Selection were 
made from M2 generation but the desirable mutants were confirmed in M4 generation.  
Ten true breeding mutants having higher seed yield per plant with desirable 
morphological characters and yield attributes were selected. 
Tshilenge-Lukanda et al. (2013) conducted a study to determine the effect of different 
doses of gamma irradiation on different morpho-agronomic characteristics of 
groundnut. They observed that 100 Gy dose of gamma rays treatment resulted in a 
higher increased of grain yield and other morpho-agro-nomic parameters especially for 
the JL24 variety but the higher doses of gamma rays (400 and 600 Gy) reduced plant 
growth and grain yield significantly.  
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Aney (2013) irrediate seeds of two varieties of Pisum sativum with different doses of 
gamma rays to evaluate the effect on yield attributing characters. Data recorded from 
the population raised exhibited significant variability in different characters. Lower 
doses of gamma irradiation had stimulatory effect on yield attributing parameters such 
as number of pods per plant, number of seeds per plant and size of pods in both the 
varieties. Varietal sensations were also observed. 
Gnanamurthy and Dhanavel (2014) studied the effect of EMS on induced 
morphological mutants and chromosomal variations in cowpea. They observed various 
types of morphological mutants such as tall, dwarf, early maturity, late maturity, leaf 
mutants, pod mutant and flower mutants. Chlorophyll mutant were also observed.   
Mullainathan and Aruldoss (2015) studied the effect of different doses gamma rays on 
induced morphological mutation in chilli (Capsicum annuum L.) var. k1 and observed 
the different morphological characters in M2 generation. Several unique and 
interesting mutants were isolated, the most distinct mutants included tall, dwarf, bushy 
and pod mutant. 
In the light of above summarized literature, it may be concluded that a great deal of 
work has been done on the induction of mutation by different mutagens (especially 
EMS and gamma rays) in several plants but there is little published information about 
effect of mutagens on meiotic behaviour of pollen mother cells of the  genus 
Coriander. 
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CHAPTER- 3  
MATERIALS AND METHODS 
3.1 MATERIALS 
3.1.1 Varieties used 
The certified, healthy and dry seeds of two varieties  of coriander (Karishma & 
RD-44) were used. Both varieties are well adapted to the agro-climatic conditions of 
Aligarh (Uttar Pradesh).  
      i) Coriander: RD-44 (Rajendra swati) 
This  variety was  developd by the Rajendra Agricultural University, Bihar, 
through selection from the Muzaffarpur Local and released in 1987. Plants are 
medium sized with fine round grains 12.5g/1000 grain weight. It is resistant to stem 
gall and moderately resistant to wilt and aphids. Crop matures in 110 days.  
ii) Coriander: Karishma. 
The variety Karishma is late bolting and high yielding. The leaves tiller from 
lower portion of the plant and become broader in size. It has dark green color and 
numerous branches comprising innumerable seeds on both the sides even after 
bolting. Moreover, the number of cuttings can be done till these are bolted. The seeds 
were obtained from Durga seed farm (regd) Chandigarh, 
3.1.2 Mutagens used 
 Two types of mutagens were used in the present study. 
i)  EMS  
EMS has been reported to be a very effective and efficient mutgen (Kumar and 
Singh, 2002). Studies suggested that EMS is one of the very efficient mutagen and 
can be used to induce genetic variability in a number of crop plants (Jabeen and 
Mirza, 2002) and (Sharma and  Kumar, 2003). 
Mechanism of action of EMS: one major mechanism of mutagenesis by 
alkylating agents involves the transfer of methyl and ethyl groups to the bases such 
that their base pairing potentials are altered and transition result. for example, 
ethylation at the 7-N position and at the 6-O position is believed to be two effect of 
EMS. 7-Ethylguanine is then believed to base pair with thymine.  Other alkylation 
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products are believed to somehow “activate” repair processes in much the same way 
the thymine dimers do. The occasional repair occurring in these repair processes may 
lead to the transversions and frame shift mutations in addition to transitions. Finally 
alkylating  agents (EMS) induced chromosomal breaks and the various kinds of 
chromosomal aberrations.  
 
ii)  Gamma rays (-rays) 
 Most commonly used ionizing radiation obtained from radioactive isotope 
Cobalt-60 (60Co). The air dried seeds (10% moisture content) of both the varieties 
were exposed to different doses of -rays from 60Co source at the dose rate of 4 
kR/minute at the National Botanical Research Institute (NBRI), Lucknow. 
Mechanism of action of gamma rays: The most commonly used ionizing 
radiation in plant improvement programmes is -rays. They are effective and efficient 
physical mutagen. They are produced from the radioactive isotopes like Cobalt-60 
(60Co), Caesium-137 (137Cs), 14C and Radium. Because of their short wave length, 
they possess more energy per photon than X-rays, and hence have higher penetrating 
power than the X-rays. The unit of the radiations is Roentgen (R-units). More 
generally the -rays are produced by the 60Co and having the half life of 5.3 years with 
the wave length of 0.1Ao and 1.33 MeV (γ1) or 1.17 MeV (γ2) energy. 
 -rays are electromagnetic type of radiations that induce ionization. When 
biological material is irradiated, a -rays photon hits an orbital electron of the atom in 
the tissue or cells and transfers its all energy to that electron in the form of kinetic 
energy and causes the release of electron from the atom leaving behind a positively 
charged atom called free radicals or ions. The ejected electron, also known as photo-
electron, has tremendous energy and is capable of causing further ionizations along its 
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path by colliding with the other atoms in the tissues or cells. The net result is that a 
core of ions is formed along the track of each radiation as it passes through matter or 
living tissue. Since this process gives rise to ions or free radicals, it is called 
ionization and hence the name ionizing radiations. The transfer of energy by ionizing 
radiations is random but discrete. That is why, even a small amount of energy 
deposited by radiations produces ionization. The increased reactivity of atoms present 
in DNA molecules is the basis of mutagenic effects of ionizing radiations. The major 
effects of ionizing radiations on DNA are ; disruption of continuity of one or both 
strands (Bacq & Alexander, 1961), cross linking of DNA-DNA and DNA-proteins, 
removal of a base and chemical alteration of a base which changes its pairing 
properties (Casarett, 1968). While cross linking of DNA leads to the cell death, the 
strand breaks result in chromosomal mutations and the repair of radiation induced 
nicks in DNA and base changes in gene mutations. According to Morita et al., (2009) 
the most frequent mutation  induced by gamma rays was deletion (79%) particularly 
small deletion  (62.5%).  
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3.2 METHODS  
3.2.1 Preparation of mutagenic solutions  
 One percent stock solution of EMS was prepared in the phosphate buffer 
having the pH value 7.0. From this stock solution required concentrations of EMS 
were prepared by using the following formula – 
  S1V1 = S2V2 
Where,  S1   = strength of stock solution 
 V1   = Volume of stock solution 
 S2   = Strength of desired solution 
 V2   = Volume of desired solution 
The specificity of action of chemical mutagen depends upon the particular 
conditions of treatment, the more important of which are temperature, duration of 
treatment and hydrogen ion concentration. Only freshly prepared solutions of EMS 
were used because alkylating agents are very reactive, even with water. Hydrolysis 
usually gives rise to compounds that are no longer mutagenic but toxic to biological 
tissues. This means that the mutagen solution must be prepared just before the use and 
never stored. 
3.2.2 Pretreatment  
Prior to the mutagenic treatments healthy and uniform sized seeds of both the 
varieties were presoaked in distilled water for 12 hours at room temperature (25 ±1oC) 
in order to activate the embryo. 
3.2.3 Treatment with mutagens 
 After the presoaking period was over, the seeds were kept on the blotting 
paper so as to remove the small droplets of water adhering to the surface of seeds. 
Thereafter, the seeds were treated in different concentrations of EMS for 6 hours. One 
set of each variety was kept untreated to act as control for comparison with the treated 
populations. 
During chemical mutagenic treatments, intermittent shaking was done throughout 
the treatment period to facilitate sufficient aeration. For uniform absorption, large 
quantities of mutagenic solutions, approximately three times the volume of seeds 
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(Konzak et al., 1965) were used. After the treatment period was over the treated seeds 
were thoroughly washed in running tap water for 1 hour before sowing to remove the 
residual effect of the mutagen sticking to the seed coat.  
For selection of doses seeds were subjected to germination test. Based on the 
effect of physical and chemical mutagen on germination, LD-50 value was calculated.  
3.2.4. Sample size 
 In each variety a set of 300 cremocarp were use  for each dose /treatment 
including the control out of these 300 cremocarp 250 creamocarp in each treatment 
were sown in field for morphological and cytological observation where as  remaining 
set of 50 seed was grown on moist cotton in petriplates for measuring root-shoot 
length. For this the petriplates were kept in B.O.D. incubator   at 2510C temperature 
with relative humidity at 95%. 
Table 6: Details of mutagenic treatments given to the coriander seeds. 
Mutagen  Dose (Gy)/ 
concentration 
(%) 
Duration of 
presoaking 
(h) 
Treatment 
Duration(h) 
pH No. of 
seeds 
treated 
Control - 12.0 - - 300 
EMS 0.1 
0.2 
0.3 
0.4 
12.0 
12.0 
12.0 
12.0 
6.0 
6.0 
6.0 
6.0 
7.0 
7.0 
7.0 
7.0 
300 
300 
300 
300 
-rays 100 Gy 
200 Gy 
300 Gy 
400 Gy 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
300 
300 
300 
300 
 -rays 
+EMS 
200 Gy+0.1% 
200 Gy+0.2% 
200 Gy+0.3% 
200Gy+0.4% 
12.0 
12.0 
12.0 
12.0 
6.0 
6.0 
6.0 
6.0 
7.0 
7.0 
7.0 
7.0 
300 
300 
300 
300 
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3.2.5 Sowing of seeds in the field  
The treated as well as untreated (control) seeds were sown in five replicates (50 
seeds in each replicate) in a complete randomized block design (CRBD) in the rabi 
season at Agriculture farm, Department of Agricultural Sciences, AMU, Aligarh. The 
distance between the seeds along a row was kept 10 cm whereas; row to row distance 
was maintained at 20 cm in each experimental plot in a replication. Recommended 
agronomic practices were employed for the preparation of field, sowing and 
subsequent management of populations to raise a good crop. 
3.3 EVALUATION OF M1 GENERATION  
A detailed study of the effect of different mutagenic treatments in the two 
varieties was undertaken using the following parameters: 
3.3.1 Seed germination 
 Seed germination was recorded right from the emergence of first shoot in each 
treatment as well as control in the field on alternate days until the maximum 
germination was attained. After recording the germination counts, the percentage of 
seed germination and percent inhibition were calculated by using the following 
formulae: 
 
                                     Number of seeds germinated 
 Germination (%) =  ––––––––––––––––––––––––––   100 
       Number of seeds sown 
 
   Control – Treated  
  Inhibition  (%) =  ––––––––––––––––––   100 
        Control  
 
The delayed effect of mutagens was recorded on the basis of the extra days taken 
for germination in the treated populations as compared to control. 
3.3.2 Seedling height (cm)  
 Seedling height was estimated on 10th day of germination by measuring 
root and shoot lengths of 20 randomly selected seedlings from each treatment as well 
as control from the BOD experiment. Seedling injury as measured by the reduction in 
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the root and shoot length was calculated in terms of percentage of root and shoot 
injury by using following formula : 
  
 Control – treated  
Percent injury    =   ––––––––––––––– x 100 
                     Control 
3.3.3 Plant survival 
 The survived plants in the different mutagenic treatments as well as in 
control were counted at the time of maturity and the survival percentage and percent 
reduction (lethality) were calculated by the following formulae: 
 
                                                  Number of plants at maturity 
                   Survival (%)       =   ––––––––––––––––––––––––– x 100 
                    Number of seeds germinated 
 
                   Control – treated  
                 Reduction (Lethality) (%) =   –––––––––––––––– x 100 
                                             Control 
  
3.3.4 Pollen fertility 
 Fresh and young flowers from 15-20 randomly selected plants were taken from 
each treatment as well as control. Pollen fertility was determined by staining the 
pollen grains with 2% acetocarmine solution. Pollen grains which took the stain and 
have a regular outline were considered as fertile, while the shrunken, empty and 
unstained ones as sterile. The following formulae were used to calculate the percent 
pollen fertility and percent reduction (sterility):         
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3.3.5 Cytological studies  
 Cytological studies were carried out on pollen mother cells (PMCs) by 
fixing young flower buds from each treatment as well as control. The purpose of 
fixation is to kill the tissue without causing any distortion of the components to be 
studied. It should not only increase visibility of the chromosome structure but should 
also clarify the details of chromosome morphology such as the euchromatic and 
heterochromatic regions and the primary and secondary constrictions. 
For meiotic studies, young flower buds from 15-20 randomly selected plants were 
fixed in freshly prepared Carnoy’s fluid (alcohol: chloroform: acetic acid in 6:3:1 
ratio) supplemented with crystals of ferric chloride for 24 hours. The material was 
then washed and preserved in 70% alcohol at 4oC. Meiosis was studied by squashing 
the anthers in 2% acetocarmine. The slides were made permanent by dehydrating 
them in n-butyl alcohol series (NBA series) (Bhaduri and Ghose, 1954) followed by 
mounting in canada balsam and then slides were kept in incubator at 45oC 
temperature till drying. After drying, the extra amount of canada balsam remained 
outside the cover slip was cleaned with xylene. Analysis of various stages of meiosis 
was done from each treatment as well as control at metaphase I/II, anaphase I/II and 
telophase I/II by studying more than 300 dividing PMCs. The abnormalities were 
recorded on the basis of variations in structure and behaviour of chromosomes as 
compared to control. The photomicrographs were taken from temporary as well as 
permanent slides with the aid of “Nikon”, photomicrographic unit  at the 
magnification of 1000 X (10 x eye piece X 100 x objective lens). 
 
 
                                         Number of fertile pollen grains 
 Pollen fertility (%) = ––––––––––––––––––––––――   100 
   Total number of pollen grains 
 
                                                            Control – Treated  
 Percent reduction (sterility) =   ––––––––––––––––––  100 
             Control  
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 3.3.6 Quantitative characters 
 Studies on the quantitative characters were done from the 15-20 normal 
looking plants in each treatment as well as control population. The following nine 
quantitative characters were studied in M1 generation. 
1. Days to flowering:  Days to flowering were noted as the number of days taken 
by the plant from the date of sowing till the first flowering appeared in the plant. 
2.  Plant height (cm): Plant height was measured at maturity in centimeters from 
the base up to the apex of plant. 
3. Days to maturity: Days to maturity were noted as the number of days taken 
by the plant from the date of sowing to the date of harvesting of the plant. 
4.  Number of branches per plant: Number of the branches was counted at the 
maturity  
5. Number of umbel per plant: Number of umbel was counted at maturity when 
flowering stopped and seeds were matured. 
 6. Umbellets per umbel: It was counted as number of umbellets in an umbel 
from each selected plant and then mean for each selected plant was calculated. 
7.  Number of seeds per umbellet: Mean number of seeds per umbellet was 
calculated for each selected plant. 
8.  100-seed weight (g): It was the weight of random sample of hundred seeds 
from each selected plant. 
9.  Total yield per plant (g): Total yield per plant was the weight of total number 
of seeds harvested per plant and the yield of each plant was recorded in grams. 
Selfing : Selected variant were selfed by using muslin cloth bag to avoid out crossing 
of mutants.  
3.4. EVALUATION OF M2 GENERATION 
Seeds from each M1 plants were harvested separately in treated as well as control 
populations. For raising M2 generation 50 M1 plants and 12 seeds from each plant 
were selected in each treatment(12X50=600 seeds)  and control were sown in a 
complete randomized block design (CRBD), three replicate were maintained for each 
treatment.  
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3.4.1. Chlorophyll and viable mutations 
The treated as well as control populations were carefully screened for chlorophyll 
mutations from the emergence till the age of four weeks after germination, whereas 
viable morphological mutations were scored throughout the growth period of plant in 
the field. The identification and classification procedure of Gustaffson (1947) was 
followed with suitable modifications. 
Mutation frequency was calculated by the following method: 
                                                   Number of mutated progenies 
Mutation frequency (%)  =                           × 100  
                            Total number of progenies 
 
                   Number of mutated plant 
Mutation frequency (%) =                     ×100  
                            Total number of plant 
 
3.4.2. Coefficient of interaction (k) 
To evaluate the effect of combined treatments on various biological parameters as 
well as mutation frequency the data were analyzed by using the following formula 
proposed by Sharma and Swaminathan (1969).   
 
 
 
Where ‘a’ and ‘b’ stand for two mutagens and k is hypothetical interaction 
coefficient. The value of k should be one if the interaction is additive. Any deviation 
from this value would show synergistic or less then additive effects. 
 
 
 
                 (a+b) 
k =         X 100                                     
            (a) + (b) 
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3.4.3. Mutagenic Effectiveness and Efficiency 
  Mutagenic effectiveness is a measure of the frequency of mutations induced by 
unit dose of mutagens, whereas, mutagenic efficiency is the measure of proportion of 
mutations in relation to undesirable changes like injury, lethality, sterility and meiotic 
aberrations etc. Mutagenic effectiveness and efficiency was calculated on the basis of 
formula suggested by Konzak et al (1965). 
                                   No. of mutated plants 
Mutation rate =   ————————————————— × 100 
             Total no. of germinated seedlings 
 
Mutation rate (M2 family or population basis) MP 
Mutagenic Effectiveness = ——————————————————————— 
                                                Conc. of mutagen × Time of treatment in hrs. 
                                                                              
Where:          Mp = Percentage of mutated plant progenies (Mutation rate in M2) 
 
*Biological Damage: For measuring the biological damage three different 
criteria were used. 
(i) Injury (I): Percentage inhibition in seed germination 
(ii) Lethality (L): percentage reduction in plant survival  
(iii) Sterility (S): Percentage reduction in pollen fertility or percentage pollen 
sterility      
                            Percentage of mutated plant progenies (Mutation rate in M2)                             
Mutagenic efficiency    =   —————————————————————————           
                *Biological damage in M2 generation 
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3.4.4. Studies on different morphological traits 
   For morphological studies the parameters were similar to those in M1 
generation. These include: days to flowering, , plant height (cm), days to maturity, 
number of branches per plant, number of umbel per plants, number of umbellets  per 
umbel, number of seeds per umbellet, 1000-seed weight (g) and total yield per plant 
(g). 
Selfing : Selected mutant were selfed in M2 generation also. 
3.4.5. Cytological Studies 
   Cytological studies in M2 progeny were carried out as in M1 generation. 
3.5. STUDIED IN M3 GENERATION 
3.5.1. Raising of M3 generation 
M3 generation was raised from bulked M2 seeds for each treatment along with 
their respective controls. The marked elite mutants screened and selected from the M2 
generation were sown separately to study their breeding behavior. The characters 
studied in M3 generation were same as in M2 generation. 
3.6. STATISTICAL ANALYSIS 
The data recorded on different characters due to mutagenic treatments have been 
subjected to statistical analysis with a view to find the individual and comparative 
effects of different mutagens. Mean, standard error, standard deviation and coefficient 
of variation were calculated as per the standard statistical procedures.  
3.6.1 Mean ( X ) 
The mean values was computed by taking the sum of a number of observations 
and dividing it by the total number of observations recorded, thus 
N
x........xxX n21   
N
n X (Mean) X  
Where, x1, x2………xn=observations  
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N = Total number of observations involved  
2.6.2 Standard deviation (S.D.) 
Standard deviation is the positive square root of the average of sum of squares of 
deviations of all observations from their means. It is calculated by the following 
formula. 
n
)x x(---)x x() x x(
 S.D.
2
n
2
2
2
1   
n
)x- x(
 S.D.
2  
Where, 
x = sum of all individual observations  
x  = Mean of all observations  
n = Number of observations   
3.6.3 Standard Error (S.E.) 
It is the measure of uncontrolled variation present in a sample. It is estimated by 
dividing the estimate of standard deviation by the square root of the total number of 
observations in the sample, thus 
                   S.D.  
S.E. =     –––––––––––––– 
                      N  
Where, 
 S.D.   =   Standard deviation 
 N      =    Number of observations 
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3.6.4 Coefficient of variation (C.V.) 
 It measures the relative magnitude of variation present in the 
observations relative to magnitude of their arithmetic mean. It is defined as the ratio 
of standard deviation to arithmetic mean expressed as percentage and is a unit less 
number. It is computed by applying the following formula: 
 C.V. (%) =  
X
DS ..  x 100 
Where,  
 S.D.  = Standard deviation 
 X     =    Arithmetic mean 
3.6.5 Least Significant Difference (LSD)  
In order to compare the means of various treatments, critical (least significant) 
difference was applied and computed as follows: 
 Step 1: According to treatment given, construction of data table for 
treatment and 3 replicates 
 The data were compiled in such a way that each treatment occupies a row and 
their replicates were arranged in column. 
Column 
(Treatments) 
Column (Replicates) Total of Rows 
(Treatments) R1 R2 R3 
T1 A1 A2 A3 A1+A2+A3=Xr1 
T2 B1 B2 B3 B1+B2+B3=Xr2 
T3 C1 C2 C3 C1+C2+C3=Xr3 
T4 D1 D2 D3 D1+D2+D3=Xr4 
T5 E1 E2 E3 E1+E2+E3=Xr5 
T6 F1 F2 F3 F1+F2+F3=Xr6 
 
Total of A1 +…..F1 = XC1, A 2+……..F2 = XC2, A3 +……F3 = XC3 = Grant Total 
(G) 
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Step 2: Correction Factor (CF) 
CF = (G)2/ T R 
Where: 
T = Number of treatments 
R = Number of replications 
Step 3: Total Sum of Squares (TSS)  
This is the sum of square of all the observations minus correction factor 
TSS = [(A1)2 + (B1)2 +……………..(F3)2] – CF  
Step 4: Replication Sum of Squares (RSS) 
RSS = CFT
XCXCXC

 23
2
2
2
1 )()()(
 
Where: 
T = No. of treatments 
Step 5: Treatment Sum of Squares (TrSS) 
TrSS = CFR
XrXrXr

 23
2
2
2
1 )()()(
 
Where: R = Number of replications 
Step 6: Error Sum of Squares (ESS) 
ESS = TSS – (RSS - TrSS) 
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Step 7: Construction of ANOVA table 
Source Degree of 
Freedom 
SS MS F. value 
Replication 
Treatment 
Error 
R-1 
T-1 
(R-1) (T-1) 
RSS 
TrSS 
ESS 
RSS / R-1 = RMS 
TrSS / T-1 = TrMS 
ESS / (R-1) (T-1) = EMs 
TrMS/EMS 
 
Step 8: Least significant difference based on ordinary test 
LSD at 5% level = 
R
EMS2 (t value at 5% level) 
LSD at 1% level = 
R
EMS2 (t value at 1% level) 
Where: 
t = Tabulated value 
If the difference between any two samples means exceeding the LSD value 
obtained at 5% level and / or 1% level, the difference between the two means is said 
to be significant at 5% or 1% level respectively.         
3.7. OIL ESTIMATION  
Essential oil content of some of most promising isolated mutant lines in M3 
generation were analyzed 
3.7.1 Estimation of essential oil 
Sun dried seeds of isolated mutants as well as control plants were harvested and 
weighed 100g of each sample. Seeds of each sample were ground in a grinder and 
prepared a fine powder. Freshly ground coriander powder was recovered by 
Clevenger’s distillation method by taking the ground material (100 g) in a 500 ml 
round bottom flask containing 250 ml distilled water. The contents were subjected to 
distillation for 6 h. The volume of essential oils was determined (v/w) from a 
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calibrated trap.  The collected essential oil was dried over anhydrous Na2SO4 and 
stored at 4 ◦C in vials with Teflon sealed screw cap.  
 
3.7.2 Gas liquid chromatography 
GC analysis was carried out on a PerkinElmer Auto System XL chromatograph 
equipped with flame ionization detector and PE-5 column (60 m X 0.32 mm; 0.25 um 
film thickness). The column oven temperature was maintained initially at 100 °C for 1 
min and then programmed at the rate of 3°C/ min till 280 °C. The column head 
pressure was maintained at 10 PSI with a split ratio of 1:30 and the carrier gas used 
was hydrogen. The injector and detector temperature were 250 °C and 280 °C, 
respectively. 
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CHAPTER-4 
EXPERIMENTAL RESULTS 
4.1 STUDIES IN M1 GENERATION : 
 The effect of ethyl methane sulphonate (EMS),gamma rays (γ-rays) and their 
combination treatments were evaluated on seed germination, seedling height, plant 
survival, pollen fertility, behavior of PMCs and various quantitative characters of 
Coriandrum sativum L. varieties Karishma and var. RD-44 in M1 generation. 
4.1.1 Seed germination 
 Seed germination was counted within 12th to 30th days after sowing till the 
maximum germination in control as well as treated seeds was obtained. The seed 
germination decreased with an increase in dose/concentration of the mutagens in both 
the varieties. The maximum decrease in germination was observed at the highest dose 
of the mutagenic treatment. In case of EMS treatments, the maximum inhibitory effect 
on germination i.e., 28.44% and 30.97% was observed at 0.4% in var. Karishma and 
var. RD-44 respectively. In case of γ-rays, the maximum inhibition was 26.72% and 
29.64% at 400Gy in var. Karishma and var. RD-44 respectively. The combination 
treatments of EMS and γ-rays were found most effective in reducing the germination 
percentage in both the varieties. The highest inhibitory effect on seed germination i.e., 
35.77% and 38.05% was recorded at 200 Gy + 0.4% EMS treatment in var. Karishma 
and var. RD-44 respectively (Tables-7 & 8 and Graphs-1, 2 & 3). 
 In general, germination was affected in all the treatments in both the varieties, 
however, var. RD-44 was found to be more sensitive than the var. karishma. The 
order of effectiveness was γ-rays + EMS > EMS > γ-rays in both the varieties. 
4.1.2 Plant survival 
 Data recorded on plant survival is shown in Tables 7 and 8. The survival of 
seedlings decreased with an increase in dose/concentration in all the mutagens in both 
the varieties (Graphs-4, 5 & 6).  The maximum survival percentage was observed at 
the lowest treatments and the minimum survival percentage was observed at highest 
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treatments of all the mutagens. The highest lethality i.e., 37.48% in var. Karishma and 
41.01 % in var. RD-44 was recorded at 200Gy + 0.4% EMS treatment in both the 
varieties. The pooled mean values for survival percentage indicated that maximum 
survival i.e., 75.52% in var. Karishma and 71.91 in var. RD-44 was observed in γ-rays 
as compared to their respective controls. However, the pooled mean value of lethality 
was maximum (26.38 %) in var. Karishma and (27.52%) in var. RD-44 in 
combination treatments. However, var. RD-44 was found to be more sensitive 
than var. Karishma with respect to reduction in survival percentage. The order 
of the effectiveness was γ-rays + EMS > EMS > γ-rays in both the varieties. 
4.1.3 Pollen fertility 
 Data recorded on the pollen fertility is shown in Tables 7 & 8. The pollen fertility 
decreased with an increase in the mutagenic treatments in both the varieties (Graphs 
7, 8 & 9). In other words, the pollen sterility increased with increase in 
dose/concentration of mutagens. Among the mutagenic treatments, the maximum 
sterility i.e.,38.60% and 41.88% was recorded in the combination treatment at 200 Gy 
+ .04% EMS in var. Karishma and var. RD-44 respectively, while in case of the 
individual treatments the maximum sterility was recorded at the highest 
dose/concentration of each mutagen in both the varieties. The pollen fertility was 
reduced to 55.96% in var. Karishma and 57.30% in var. RD-44 as compared to 
control values i.e., 96.29% and 93.33% in var. Karishma and var. RD-44 respectively. 
The pooled mean values (%) for both fertility and sterility indicated that combination 
treatments were most effective followed by EMS and γ-rays. 
 In general, var. Karishma was found to be more sensitive than var. RD-44 to 
both physical and chemical as well as their combination treatments. The order of 
effectiveness was -rays + EMS > EMS >-rays in both the varieties. 
4.1.4 Seedling height (cm) 
 The seedling height (root length + shoot length) was measured and presented 
in Tables (9 & 10). A gradual decrease in the seedling height with increasing doses/ 
concentrations of the mutagens in individual as well as in combination treatments was 
noticed in both the varieties (Graph 10, 11 & 12). 
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 The maximum seedling injury was recorded at the highest dose/ concentration 
in individual and combination treatments in both the varieties i.e., 23.53% (in 0.40% 
EMS), 25.94% (in 400Gy γ-rays) and 32.53% (in 200 Gy+ 0.4% EMS) in var. 
Karishma.  In var. RD-44 these values were 28.74% (in 0.4% EMS), 20.58 % (in 400 
Gy γ-rays) and 30.26% (in 200 Gy + 0.4% EMS), The pooled mean values for 
seedling height and percent injury indicated that combination treatments were more 
effective than the individual mutagenic treatments of EMS and γ-rays in both the 
varieties. 
 However, var. RD-44 was found to be more sensitive than the var. Karishma 
with respect to percent injury. The order of effectiveness was γ-rays + EMS > EMS > 
γ-rays in both the varieties. 
4.1.5 Cytological observations  
 The control plants of var. Karishma and var. RD-44 revealed 11 perfect 
bivalent (2n=22) at diakinesis (Plate I, Figs. 1 &2) and metaphase I (Plate I, Figs. 
3&4) which showed equal segregation (11:11) at anaphase I (Plate II Fig. 15 &16). 
Telophase I (Plate II fig.17), metaphase II (Plate IV fig. 37), anaphase II (Plate V fig. 
44) and telophase II (Plate V fig. 46) stages were normal giving rise to normal tetrads 
(Plate V fig. 51). 
 The microsporogenesis in plants raised from treated seeds was highly 
disturbed. The meiotic studies showed almost similar types of chromosomal 
aberrations in both the varieties but the frequencies of these chromosomal aberrations 
were different (Tables 11 and 12,) The various chromosomal aberrations during 
microsporogenesis in M1 generation were univalents, multivalents, stickiness, 
precocious separation, stray bivalents and non-synchronization  at metaphase I/II, and 
laggards, bridges and unequal separation at anaphase I/II. The common meiotic 
aberrations at telophase I/II were micro-nuclei, disturbed polarity and cytomixis. 
 The observations showed that various types of chromosomal aberrations were 
dose dependent in both the varieties (Graphs 13, 14 & 15). 
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I.  Chromosomal aberrations at metaphase I and II 
 The chromosomal aberrations observed at metaphase I/II were univalents, 
multivalents, stickiness, precocious separation, non-orientation of bivalents and 
fragments. 
1.  Univalents 
 The univalents (Plate I. fig.5) were observed at the metaphase I in almost all 
the treatments in both the varieties (except at 100 Gy γ-ray in var. Karishma). The 
frequency of PMCs showing univalents ranged from 0.38%-1.73% (EMS), 0.38%-
0.79% (γ-rays) and 0.39%-2.15% (γ-rays + EMS) in var. Karishma whereas, the 
frequency of PMCs showing univalents ranged from 0.70%-1.33% (EMS), 0.37%-
1.15% (γ-rays) and 0.39%-1.16 % (γ-rays + EMS) in var. RD-44. The combination 
treatments induced more frequency of PMCs with univalents than the individual 
mutagenic treatments. The maximum frequency of PMCs with univalents was 
recorded at the highest dose/concentration of each individual as well as in 
combination treatments in both the varieties.  
2.  Multivalents 
 Multivalents such as trivalents, tetravalents and hexavalents were observed at 
the metaphase I in the treated population in both the varieties (Plate I. fig. 6, 7 and 8). 
The multivalents showed dose dependent increase in almost all the individual as well 
as combined treatments in both the varieties except 100 Gy  γ-rays of var. Karishma 
The frequency of PMCs showing multivalents ranged from 0.38%-1.73% (EMS), 
0.76%-1.59% (γ-rays) and 0.78%-2.56% (γ-rays + EMS) in var. Karishma, while this 
range was 1.05%-1.77% (EMS), 0.74%-1.53% (γ-rays) and 0.79-1.94% (γ-rays + 
EMS) in var. RD-44. The combination treatments showed higher frequency of PMCs 
with multivalents than the individual mutagenic treatments. Moreover, the highest 
dose/ concentration of each individual and combination treatments showed the higher 
frequency of PMCs with multivalents in both the varieties. The maximum frequency 
of PMCs showing multivalents was 2.56% and 1.94% in combination treatment of 
200 Gy + 0.4% EMS in var. Karishma and var. RD-44 respectively.  
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3.  Stickiness 
 Stickiness or clumping of chromosomes at metaphase I/II was the most 
common meiotic aberration (Plate I, fig. 9, 10, and 11). Chromosomes were clumped 
either in one or different groups. The frequency of PMCs showing stickiness ranged 
from 0.76%-2.17% (EMS), 0.41%-1.99% (γ-rays) and 0.78%-2.15% (γ-rays + EMS) 
in var. Karishma, while the frequency of PMCs showing stickiness ranged from 
1.05%-3.11% (EMS), 1.11%-2.30% (γ-rays) and 1.19%-2.22% (γ-rays + EMS) in var. 
RD-44. The combination treatments showed the more frequency of PMCs with 
stickiness than the individual mutagenic treatments. Moreover, the highest 
dose/concentration of each individual and combination treatment showed the higher 
frequency of PMCs with stickiness in both the varieties. The total frequency of PMCs 
with stickiness was higher in var. RD-44 than var. Karishma respectively.  
4. Precocious separation 
 Precocious separation at metaphase I/II was one of the most common 
cytological aberrations (Plate I, fig. 12). The frequency of PMCs showing precocious 
separation ranged from 0.36%-0.86% (EMS), 0.83%-1.99% (γ-rays) and 0.39%-
2.15% (γ-rays + EMS) in var. Karishma, while this range was 0.70%-1.77% (EMS), 
0.30%-0.1.92% (γ-rays) and 0.79%-1.16% (γ-rays + EMS) in var. RD-44. Total 
frequency of PMCs with precocious separation was more in combination treatment 
than the individual mutagenic treatments.  
5.  Stray bivalent 
 Stray bivalents (Plate II fig. 13& 14) were observed in all the mutagenic 
treatments in both the varieties. The frequency of PMCs with stray bivalents ranged 
from 0.38%-0.1.73% (EMS), 0.41%-1.19% (γ-rays) and 0.78%-2.15% (γ-rays + 
EMS) in var. Karishma, while it ranged from 1.05%-2.22% (EMS), 1.11%-1.53% (γ-
rays) and 1.19%-2.33% (γ-rays + EMS) in var. RD-44. The combination treatments 
induced more frequency of PMCs with stray bivalents than the individual mutagenic 
treatments. Moreover, the highest dose/concentration of each individual as well as 
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combination treatment induced the highest frequency of PMCs with stray bivalents in 
both the varieties. 
6.  Non-synchronization  
 None synchronization (Plate IV, fig. 39 & 40)  were observed in almost all the 
treatments with a few exceptions (0.1% EMS in both varieties and 100 Gy , 200 Gy 
γ-rays in var. Karishma). The frequency of PMCs with non-synchronization ranged 
from 0.36%-1.30% (EMS), 0.40%-0.79% (γ-rays) and 0.39%-1.72% (γ-rays + EMS) 
in var. Karishma, while this range was 0.76%-1.77% (EMS), 0.74%-1.15% (γ-rays) 
and 0.32% - 1.55% (γ-rays + EMS) in var. RD-44. The combination treatments 
induced more frequency of PMCs with non-synchronization than the individual 
mutagenic treatments. The highest dose/concentration of each individual and 
combination treatment induced highest frequency of PMCs with non-synchronization 
in both the varieties.  
II. Chromosomal aberrations at anaphase I and II 
 The dominant chromosomal aberrations at anaphase I/II were laggards, 
bridges and unequal separation of chromosomes. 
1. Laggards 
 Laggards were observed in all the treatments in both the varieties. These 
laggards were present either as univalents or as whole bivalents ((Plate II, fig 20-24) 
at anaphase I/II. The frequency of PMCs with laggards ranged from 0.38%-1.73% 
(EMS), 0.41%-1.59% (γ-rays) and 0.78%-2.15% (γ-rays + EMS) in var. Karishma, 
while in var. RD-44 it ranged from 0.70%-2.22% (EMS), 0.74%-1.92% (γ-rays) and 
0.79%-2.33% (γ-rays + EMS). The combination treatments induced more frequency 
of PMCs with laggards than the individual mutagenic treatments. Moreover, dose 
dependent increase was observed in all the mutagens in both the varieties.  
2.  Bridges 
 Bridges with or without fragments at anaphase stages were frequently 
observed in all the treatments in both the varieties (Plate III. Fig.28-36), but were 
more frequent in combination treatments than the individual mutagenic treatments. 
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The highest dose/concentration of each individual and combination treatment induced 
highest frequency of PMCs with bridges in both the varieties. The frequency of PMCs 
with bridges ranged from 0.76%-2.17% (EMS), 0.83%-1.59% (γ-rays) and 1.17%-
2.56% (γ-rays + EMS) in var. Karishma, while, the frequency of PMCs with bridges 
ranged from 1.05-%-2.66% (EMS), 1.11%-2.30% (γ-rays) and 1.19%-2.72% (γ-rays + 
EMS) in var. RD-44. The maximum frequency of PMCs with bridges was 2.56% and 
2.72% at 200 Gy + 0.4% EMS in Karishma and RD-44 respectively.  
3.  Unequal separation 
 Unequal separation of chromosomes was noticed in all the treatments in both 
the varieties (Plate II, fig. 18 & 19). The chromosomes segregated mostly in the ratio 
of 10:12. The combination treatments showed more frequency of PMCs with unequal 
separation of chromosomes than the individual mutagenic treatments. Moreover a 
dose dependent increase was observed in all the mutagenic treatment in both the 
varieties. The frequency of PMCs with unequal separation of chromosomes ranged 
from 0.36%-1.30% (EMS), 0.41%-1.59% (γ-rays) and 0.78-1.72% (γ-rays + EMS) in 
Karishma whereas, in var. RD-44 it ranged from 0.35%-1.77% (EMS), 0.74%-1.53% 
(γ-rays) and 1.19-1.94% (γ-rays+EMS). The maximum frequency of PMCs with 
unequal separation of chromosomes was 1.72% and 1.94% at 200 Gy + 0.4% EMS in 
var. Karishma and var. RD-44 respectively. 
III. Chromosomal aberrations at telophase I and II 
1.  Micronuclei 
 Micronuclei were observed in almost all the treatments (Plate V. fig.50, 53, 54 
& 55) except at the lower doses of γ-rays (i.e., 100 Gy in both the varieties). The 
frequency of PMCs with micronuclei ranged from 0.38%-0.86% (EMS) 0.38%-0.79% 
(γ-rays) and 0.39%-1.29% (γ-rays + EMS) in var. Karishma, whereas, it ranged from 
0.35%-1.33% (EMS), 0.76%-1.92% (γ-rays) and 0.79-1.55% (γ-rays + EMS) in var. 
RD-44. The combination treatments induced more frequency of PMCs with 
micronuclei than the individual mutagenic treatments. Moreover, the highest 
dose/concentration of each mutagen induced the highest frequency of PMCs with 
micronuclei in both the varieties.  
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2.  Disturbed polarity 
 Disturbed polarity was observed in almost all the treatments (Plate V, figs. 
52&53) except at the lower doses/concentrations of individual mutagens (i.e., 0.1% 
EMS in var. RD-44) However, the frequency of PMCs with disturbed polarity was 
observed more in combination treatments than the individual mutagenic treatments in 
both the varieties. The highest dose/concentration of each individual and combination 
treatment induced highest frequency of PMCs with disturbed polarity. The frequency 
of PMCs showing disturbed polarity ranged from 0.76%-2.17% (EMS), 0.41%-1.19% 
(γ-rays) and 0.78%-2.56% (γ-rays + EMS) in var. Karishma, while it ranged from 
0.76%-1.33% (EMS), 0.37%-1.53% (γ-rays) and 0.39%-1.94% (γ-rays + EMS) in 
RD-44.  
3.  Cytomixis: 
 Cytomixis was observed in almost all the mutagenic treatments (Plate IV, fig. 
41-43) except at the lower concentration of (0.1%) EMS in var. Karishma. The 
frequency of cytomixis  ranged from 0.36%-1.3% (EMS), 0.41%-1.59% (γ-rays) and 
0.39%-1.29% (γ-rays + EMS) in var. Karishma, whereas, this range was 0.70%-
1.77% (EMS), 0.74%-1.92% (γ-rays) and 0.79%-2.33% (γ-rays + EMS) in var. RD-
44. The combination treatments induced more frequency of PMCs with cytomixis 
than the individual mutagenic treatments. Moreover, the highest dose/concentration of 
each mutagen induced the highest frequency of PMCs with cytomixis in both the 
varieties.  
Perusal of the results in Tables 11 and 12 revealed that meiotic aberrations increased 
with the increase in dose/concentration of each mutagen both individually as well as 
in combination in both the varieties. The overall frequency of meiotic aberrations at 
various stages of meiosis indicated that metaphase aberrations were more common 
followed by anaphase and telophase aberrations (Table.13). Combination treatments 
were most effective followed by EMS and γ-rays in inducing maximum frequency of 
meiotic aberrations in both the varieties. However, the frequency of meiotic 
aberrations was comparatively more in var. RD-44 than the var. Karishma. 
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4.1.6. Studies on quantitative characters 
 In M1 generation, the effect of EMS, gamma-rays and their combination 
treatments was studied on nine quantitative characters viz., days to flowering, plant 
height (cm), days to maturity, number of branches per plant, number of umbels 
per plants, number of umbellets  per umbel, number of seeds per umbellet, 100-
seed weight (g) and total yield per plant (g). The statistical analysis was done to 
find out the range, mean ( X ), standard error (S.E.), coefficient of variation (C.V.) lest 
significant difference for these quantitative traits in the treated populations. Data on 
all these quantitative characters in two varieties of coriander are summarized in the 
Tables (14 to 15).  
In the present investigation the means of all the quantitative characters shifted in both 
positive as well as in negative direction. The lower doses/concentrations of both the 
individual mutagens and the combination treatments were most effective in inducing 
the positive shift in the mean values for all the quantitative characters in both the 
varieties except for the days to flowerings, days to maturity where the reverse was 
true.  
 The pooled mean values for days to flowering and days to maturity showed 
slight delaying effect as compare to control in both the varieties. The mean values for 
number of branches per plant, number of umbel per plant, number of seeds per 
umbellet, 100-seed weight and yield per plant (g) showed slight increase in lower 
concentrations in both the individual mutagenic treatments whereas, in the 
combination treatments a little decrease was noticed in both the varieties. 
 The polygenic variability measured in terms of coefficient of variation (C.V. 
%) increased in all the mutagenic treatments as compared to control in both the 
varieties. The maximum coefficient of variability was recorded for number of 
umbellets per umbel followed by number of branches per plant, number of seeds per 
umbellet, number of umbels per plants, 100-seed weight and yield per plant in both 
the varieties whereas, the lower values of coefficient of variations were recorded for 
the days to flowering, days to maturity and plant height in both the varieties.  
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Table 7:  Effect of EMS, γ-rays and their combination treatments on seed germination, plant survival and pollen fertility in M1 generation 
of Coriandrum sativum L. var. Karishma 
Treatment Germination (%) Inhibition (%) Plant survival 
(%) 
Lethality (%) Pollen fertility (%) Reduction (%) 
 Control 92.80  94.82  96.29 - 
E
M
S 
0.1% 84.40 9.05 86.25 9.03 87.09 09.55 
0.2% 78.00 15.94 76.41 19.41 76.54 20.51 
0.3% 72.80 21.55 67.03 29.39 69.69 27.62 
0.4% 66.40 28.44 63.25 33.29 62.74 34.84 
Pooled mean 75.40 18.74 73.23 22.78 74.01 23.13 
γ-
ra
ys
 
100 Gy 86.00 7.32 88.37 6.80 88.88 07.67 
200 Gy 80.80 12.93 78.71 16.99 79.16 17.79 
300 Gy 75.20 18.96 69.14 27.08 71.87 25.36 
400 Gy 68.00 26.72 65.88 30.52 65.07 32.42 
Pooled mean 77.50 16.48 75.52 20.34 76.24 20.81 
γ-
ra
ys
 +
 E
M
S   200Gy+0.1% 80.40 13.36 86.57 8.70 81.63 15.22 
200Gy+0.2% 74.00 20.25 72.27 23.78 73.64 23.52 
200Gy+0.3% 66.80 28.01 61.07 35.59 64.51 33.00 
200Gy+0.4% 59.60 35.77 59.28 37.48 55.96 41.88 
Pooled mean 70.20 24.34 69.22 26.38 68.93 28.40 
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Table 8: Effect of EMS, γ-rays and their combination treatments on seed germination, plant survival and pollen fertility in M1 generation of 
Coriandrum sativum L. var. RD-44 
Treatment Germination 
(%) 
Inhibition 
(%) 
Plant survival (%) Lethality (%) Pollen 
fertility (%) 
Reduction 
(%) 
 Control 90.40  92.03  93.33  
EM
S 
0.1% 82.40 8.84 84.95 7.69 85.45 8.44 
0.2% 73.60 18.88 70.65 21.38 79.01 15.34 
0.3% 69.60 23.00 67.81 26.31 70.34 24.63 
0.4% 62.40 30.97 60.49 34.27 63.88 31.55 
Pooled mean 72.90 20.42     70.97 22.41 74.67 19.99 
γ-
ra
ys
 
100 Gy 83.20 7.96 86.53 5.97 86.62 7.18 
200 Gy 76.00 15.92 73.68 19.93 80.31 13.95 
300 Gy 71.20 21.23 66.29 27.96 72.45 22.37 
400 Gy 63.60 29.64 61.12 33.58 64.28 31.12 
Pooled mean 73.5 18.68     71.90 21.86 75.91 18.65 
γ 
-ra
ys
 +
 E
M
S 
200 Gy+0.1% 78.40 13.27 84.18 8.52 83.70 10.31 
200 Gy+0.2% 69.20 23.45 68.20 25.89 76.78 17.73 
200 Gy+0.3% 63.20 30.08 60.12 34.67 66.66 28.57 
200 Gy+0.4% 56.00 38.05 54.28 41.01 57.30 38.60 
Pooled mean 66.70 26.21     66.69 27.52 71.11 23.80 
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Table  9: Effect of EMS, γ-rays and their combination treatments on seedling height (cm) in M1 generation of Coriandrum  sativum L var.  
Karishma 
 
Treatment Shoot length (cm)  Root length (cm)  Seedling height (cm)                             
(root length +   shoot length) 
Percent 
injury 
Mean ±S.E. C.V. (%)  Mean ±S.E. C.V. (%)  Mean ±S.E. C.V. (%)  
 Control 7.28±.32 9.89 2.28±0.16 15.70 9.56 ±0.48 12.79  
E
M
S 
0.1% 6.61±0.39 13.30 2.16±0.17 18.05 8.77±0.56 15.67 8.26 
0.2% 6.38±0.46 16.30 1.98±0.18 20.20 8.36±0.64 18.5 12.55 
0.3% 6.2±o.48 17.58 1.81±0.18 22.65 8.01±0.66 20.11 16.21 
0.4% 5.67±0.50 23.45 1.64±0.19 26.21 7.31±0.69 24.83 23.53 
Pooled mean 6.21±0.45 17.65  1.89±0.18 21.77  8.11±0.63 19.77 15.13 
γ-
ra
ys
 
100 Gy 5.75±0.39 15.3 2.84±0.17 13.77 8.59±0.56 14.53 10.14 
200Gy 5.54±0.38 15.34 2.17±0.18 18.43 7.71±0.56 16.88 19.35 
300 Gy 5.42±0.40 16.42 1.91±0.19 21.57 7.33±0.59 18.84 23.32 
400 Gy 5.27±0.48 20.49 1.81±0.19 23.20 7.08±0.67 21.84 25.94 
Pooled mean 5.49±0.41 16.88  2.18±0.18 19.24  7.67±0.59 18.02 19.68 
γ-
ra
ys
 +
 
E
M
S 
200Gy+0.1% 5.70±0.41 16.14 2.12±0.17 18.39 7.82±0.58 17.26 18.20 
200Gy+0.2% 5.31±0.44 18.83 1.99±0.19 21.10 7.30±0.63 19.96 23.64 
200Gy+0.3% 4.90±0.49 22.24 1.84±0.19 23.91 6.74±0.68 23.07 29.49 
200Gy+0.4% 4.80±0.53 24.79 1.65±0.21 29.00 6.45±0.74 26.89 32.53 
Pooled mean 5.17±0.46 20.50 1.90±0.19 23.10 7.07±0.65 21.79 25.96 
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Table  10 : Effect of EMS, γ-rays and their combination treatments on seedling height (cm) in M1 generation of Coriandrium  sativum L var.  
RD-44 
 
Treatment Shoot length (cm)  Root length (cm)  Seedling height (cm)                            
(root length +  shoot length) 
Percent injury 
Mean ±S.E. C.V. (%)  Mean ±S.E. C.V. (%)  Mean ±S.E. C.V. (%)  
 Control 5.96 ±0.29 10.73  2.57 ±0.13 11.28  8.53±0.42 11.00 - 
E
M
S 
0.1% 5.86±0.45 17.57  2.42±0.17 15.70  8.28±0.62 16.63 3.44 
0.2% 5.77±0.46 18.02  2.11±0.18 19.43  7.88±0.64 18.72 8.10 
0.3% 4.76±0.83 39.78  1.98±0.18 20.75  6.74±1.02 30.26 21.39 
0.4% 4.24±0.86 45.04  1.87±0.19 22.29  6.11±1.05 33.66 28.74 
Pooled mean 5.15±0.65 30.10  2.09±0.18 19.54  7.25±0.83 24.81 15.41 
γ-
ra
ys
 
100Gy 5.71±0.37 14.53  2.48±0.14 13.30  8.19±0.51 13.91 4.49 
200Gy 5.62±0.38 15.48  2.42±0.15 14.04  8.04±0.53 14.76 6.23 
300Gy 5.04±0.41 18.45  2.05±0.16 16.58  7.09±0.57 17.51 17..31 
400Gy 4.83±0.64 29.60  1.98±0.16 17.67  6.81±0.80 23.63 20.58 
Pooled mean 5.30±0.45 19.51  2.23±0.15 15.39  7.73±0.60 17.45 12.15 
γ-
ra
ys
 +
 E
M
S 200Gy+0.1% 5.12±0.49 21.48  2.09±0.17 16.26  7.21±0.66 18.87 15.91 
200Gy+0.2% 4.75±0.51 24.00  1.91±0.17 20.09  6.66±0.68 22.04 22.33 
200Gy+0.3% 4.57±0.79 38.94  1.80±0.19 23.55  6.37±0.98 31.24 25.71 
200Gy+0.4% 4.35±0.89 45.97  1.63±0.21 28.22  5.98±1.10 37.09 30.26 
Pooled mean 4.66±0.67 32.59  1.86±0.18 22.03  6.55±0.85 27.31 23.55 
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Table 11. Frequency of meiotic aberrations induced by EMS, γ-rays and their combination treatments in M1 generation of Coriandrum sativum L. 
var. Karishma 
 
 
Treatment 
To
ta
l n
o.
 o
f 
PM
C 
Metaphase I/II  Anaphase I/II  Telophase I/II 
T
ot
al
 %
  o
f 
ab
no
rm
al
iti
es
 
U
ni
va
le
nt
 
M
ul
tiv
al
en
t 
St
ic
ki
ne
ss
 
Pr
ec
oc
io
us
 
se
pa
ra
on
 
St
ra
y 
bi
va
le
nt
 
D
is
tu
rb
ed
 
m
et
ap
ha
se
 
 La
gg
ar
d 
B
rid
ge
 
U
ne
qu
al
 
se
pa
ra
tio
n 
 M
ic
ro
nu
cl
ei
 
D
is
tu
rb
ed
 
po
la
rit
y 
C
yt
om
ix
is 
Control 280 - - - - - -  - - -  - - -  
E
M
S 
0.10% 260 0.38 0.38 0.76 - 0.38 -  0.38 0.76 -  0.38 0.76 - 4.18 
0.20% 271 0.73 1.10 1.10 0.36 0.73 0.36  0.73 1.10 0.36  0.73 1.10 0.36 8.76 
0.30% 259 1.15 1.54 1.15 0.77 1.15 0.77  1.15 1.54 0.77  0.77 1.54 0.77 13.07 
0.40% 230 1.73 1.73 2.17 0.86 1.73 1.30  1.73 2.17 1.30  0.86 2.17 1.30 19.05 
Total  3.99 4.75 5.18 1.99 3.99 2.43  3.99 5.57 2.43  2.74 5.57 2.43 45.06 
γ-
ra
ys
 
100GY 240 - - 0.41 0.83 0.41 -  0.41 0.83 0.41  - 0.41 0.41 4.12 
200Gy 263 0.38 0.76 0.76 1.14 0.76 -  0.76 1.14 0.38  0.38 0.76 0.76 7.98 
300 Gy 244 0.40 1.22 1.22 1.63 0.81 0.40  1.22 1.22 0.81  0.40 0.81 1.22 11.36 
400 Gy 251 0.79 1.59 1.99 1.99 1.19 0.79  1.59 1.59 1.59  0.79 1.19 1.59 16.68 
Total  1.57 3.57 4.38 5.59 3.17 1.19  3.98 4.78 3.19  1.57 3.17 3.98 40.14 
γ-
ra
ys
+ 
EM
S 200Gy+0.1% 258 0.39 0.78 0.78 0.39 0.78 0.39  0.78 1.17 0.78  0.39 0.78 0.39 7.62 
200Gy+0.2% 243 0.41 1.23 1.23 1.23 0.82 0.41  0.82 1.64 0.82  0.82 1.23 0.82 11.48 
200Gy+0.3% 249 1.20 2.00 2.40 1.60 1.60 1.20  2.00 2.00 1.20  1.20 1.60 1.20 19.2 
200Gy+0.4% 232 2.15 2.56 2.15 2.56 2.15 1.72  2.15 2.56 1.72  1.29 2.56 1.29 24.86 
 Total  4.15 6.57 6.56 5.78 5.35 3.72  5.75 7.37 4.52  3.7 6.17 3.7 63.34 
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Table 12 : Frequency of meiotic aberrations induced by EMS, γ-rays and their combination treatments in M1 generation of Coriandrum sativum L. 
var. RD-44 
  
T
re
at
m
en
t 
T
ot
al
 n
o.
 O
f 
PM
C
 
Metaphase I/II Anaphase I/II Telophase I/II 
To
ta
l %
  o
f 
ab
no
rm
al
iti
es
 
U
ni
va
le
nt
 
M
ul
tiv
al
en
t 
St
ic
ki
ne
ss
 
Pr
ec
oc
io
us
 
se
pa
ra
tio
n 
St
ra
y 
bi
va
le
nt
 
N
on
-
sy
nc
hr
on
iz
at
io
n 
La
gg
ar
d 
B
rid
ge
 
U
ne
qu
al
 
se
pa
ra
tio
n 
M
ic
ro
nu
cl
ei
 
D
is
tu
rb
ed
 
po
la
rit
y 
C
yt
om
ix
is
 
Control 300 - - - - - - - - - - - -  
E
M
S 
0.10% 285 0.70 1.05 1.05 0.70 1.05 - 0.7 1.05 0.35 0.35 - 0.70 
7.70 
0.20% 263 0.76 1.14 1.52 1.14 1.14 0.76 1.52 1.52 0.76 0.76 0.76 1.14 12.92 
0.30% 266 1.12 1.50 1.50 1.12 1.50 1.12 1.50 1.87 1.50 1.12 1.12 1.50 16.47 
0.40% 225 1.33 1.77 3.11 1.77 2.22 1.77 2.22 2.66 1.77 1.33 1.33 1.77 23.05 
Total  3.91 5.46 7.18 4.73 5.91 3.65 5.94 7.1 4.38 3.56 3.21 5.11 60.14 
-
ra
ys
 
100Gy 270 0.37 0.74 1.11 0.30 1.11 0.74 0.74 1.11 0.74 - 0.37 0.74 8.07 
200Gy 260 0.76 1.15 1.15 0.76 1.15 0.76 1.15 1.53 1.15 0.76 0.76 1.15 12.23 
300Gy 245 0.81 1.24 2.04 1.24 1.24 0.81 1.24 1.63 1.24 1.24 1.24 1.63 15.60 
400Gy 260 1.15 1.53 2.3 1.92 1.53 1.15 1.92 2.3 1.53 1.92 1.53 1.92 20.70 
Total  3.09 4.66 6.60 4.22 5.03 3.46 5.05 6.57 4.66 3.92 3.90 5.44 56.60 
-
ra
ys
+ 
E
M
S 
200Gy+0.1% 252 0.39 0.79 1.19 0.79 1.19 0.32 0.79 1.19 1.19 0.79 0.39 0.79 9.81 
200Gy+0.2% 230 0.86 1.3 1.73 1.30 1.73 0.86 1.30 1.30 1.30 0.86 0.86 0.86 14.26 
200Gy+0.3% 236 1.27 1.69 2.11 1.69 1.69 1.27 1.69 2.11 1.27 1.27 1.27 1.69 19.02 
200Gy+0.4% 257 1.16 1.94 2.22 1.16 2.33 1.55 2.33 2.72 1.94 1.55 1.94 2.33 23.17 
Total  3.68 5.72 7.25 4.94 6.94 4.00 6.11 7.32 5.70 4.47 4.46 5.67 66.26 
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Table 13 Comparison of  total frequencies of meiotic aberrations induced by EMS, Gamma-rays and their combination treatments at 
different stages of meiosis in M1 generation of Coriandrum sativum L. 
Treatment Var.  Karishma Total %  of 
abnormalities 
Var. RD-44 Total %  of 
abnormalities 
Metaphase Anaphase Telophase Metaphase Anaphase Telophase 
Control         
E
M
S 
0.1% 1.9 1.14 
1.14 
4.18 
4.55 
2.1 
1.05 7.70 
0.2% 4.38 2.19 2.19 8.76 6.46 3.8 2.66 12.92 
0.3% 6.53 3.46 3.33 13.07 7.86 4.87 3.74 16.47 
0.4% 9.52 5.2 
4.33 19.05 11.97 6.65 4.43 23.05 
Total 22.33 11.99 10.74 45.06 30.84 17.42 11.88 60.14 
-
ra
ys
 
100Gy 1.65 1.65 0.82 
4.12 
4.37 
2.59 
1.11 
8.07 
200Gy 3.8 2.28 1.90 7.98 5.73 3.83 2.67 12.23 
300Gy 5.68 3.25 2.72 11.36 7.38 4.11 4.11 15.60 
400 Gy 8.34 4.77 3.57 16.68 9.58 5.75 5.37 20.70 
Total 19.47 11.95 8.72 40.14 27.06 16.28 13.26 56.60 
-
ra
ys
 +
 E
M
S 200Gy+0.1% 3.51 2.73 1.56 
7.62 
4.67 
3.17 
1.97 
9.81 
200Gy+0.2% 5.33 3.28 2.87 11.48 7.78 3.9 2.58 14.26 
200Gy+0.3% 10 5.2 4 19.2 9.72 5.07 4.23 19.02 
200Gy+0.4% 13.29 6.43 5.14 23.59 10.36 6.99 5.82 23.17 
Pooled mean 32.13 17.64 13.57 61.89 32.53 19.13 14.6 66.26 
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Table 14: Estimates of Mean values ( X ) and Coefficient of variation (CV) for different quantitative characters in M1 generation of 
Coriandrum sativum L. Var. Karishma 
 
Treatments 
Days to flowering Plant height Days to maturity Branches /plant Umbels/plant 
X  ± S.E   (CV%) X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) 
Control 82.42±0.53 (2.22) 88.17±0.49 (1.96) 142.33±0.47 (1.13) 10.41±0.79  (26.32) 15.25±0.59 (13.44) 
EM
S 
0.1% 80.33±0.55 (2.35) 86.65±0.64 (2.57) 144.67±0.64 (1.54) 9.83±0.62 (22.04) 16.92±0.69 (14.13) 
0.2% 83.67±0.70 (2.89) 84.66±0.69 (2.83) 145.50±0.67 (1.59) 9.25±0.79 (29.83) 15.42±0.93 (20.95) 
0.3% 85.58±0.70 (2.83) 81.73±0.89 (3.74) 148.42±0.65 (1.50) 8.66±0.66 (26.55) 14.25±0.98 (23.96) 
0.4% 87.17±0.81 (3.20) 79.38±0.91 (3.97) 151.33±0.64 (1.47) 8.00±0.78 (34.12) 14.08±0.88 (21.72) 
LSD at 5% 
LSD at 1% 
1.88 
2.50 
2.10 
2.79 
1.75 
3.28 
2.10 
2.81 
2.32 
3.13 
γ-
ra
ys
 100Gy 81.25±0.49 (2.11) 89.02±0.76 (2.97) 139.67±0.71 (1.76) 11.66±0.62 (18.39) 16.92±0.51 (10.53) 
200Gy 85.42±0.58 (2.37) 83.46±0.81 (3.36) 144.83±0.60 (1.44) 12.66±0.59 16.26) 18.58±0.94 (18.54) 
300Gy 87.83±0.61 (2.41) 81.55±0.88 (3.76) 147.75±0.75 (1.75) 8.41±0.65 (26.99) 13.83±0.96 (24.23) 
400Gy 90.92±0.78 (2.98) 80.14±0.90 (3.93) 149.33±0.87 (2.03) 8.08±0.69 (29.57) 12.83±0.82 (22.20) 
LSD at 5% 
LSD at 1% 
1.72 
2.29 
2.22 
2.96 
1.96 
2.61 
1.92 
2.75 
2.23 
2.97 
γ-
ra
ys
 
+E
M
S 
200Gy+0.1 84.75±0.55 (2.25) 83.34±0.67 (2.82) 145.25±0.64 (1.52) 10.0±0.88 (30.70) 14.00±0.97 (24.17) 
200Gy+0.2 86.5±0.69 (2.76) 80.79±0.80 (3.44) 149.50±0.70 (1.63) 9.25±0.89 (33.51) 13.08±0.96 (25.55) 
200Gy+0.3 89.83±0.85 (3.28) 78.05±0.91 (4.04) 153.50±0.79 (1.79) 8.33±0.55 (23.04) 12.66±0.93 (25.50) 
200Gy+0.4 92.08±0.91 (3.42) 75.74±0.94 (4.32) 156.67±0.66 (1.45) 7.83±0.73 (32.56) 11.83 ±0.99  (34.31) 
LSD at 5% 
LSD at 1% 
2.04 
2.72 
2.21 
2.95 
1.86 
2.48 
2.23 
2.99 
2.68 
3.56 
Table Continued ……. 
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Table 14. continued…. 
 
Treatments 
Umbellets /umbel No of seeds/umbellet Seed yield /plant   (g) 100 seed weight  (g) 
X ± S.E (CV%) X ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) 
Control 5.92±0.51 (24.38) 6.66±0.41 9 (21.52) 4.71 ±0.14 (9.96) 1.127±0.029 (9.18) 
1.061±0.030 (9.93) 
EM
S 
0.1% 6.08±0.42 (25.71) 6.75±0.46 (23.75) 4.92 ±0.16 (11.03) 
0.2% 5.75±0.45 (30.69) 6.92±0.35 (17.92) 3.87 ±0.29 (26.09) 1.009±0.042 (14.69) 
0.3% 5.42±0.53 (33.81) 5.92±0.43 (25.43) 3.47 ±0.33 (33.74) 0.973±0.052 (18.51) 
0.4% 5.00±0.67 (46.70 5.58±0.35 (22.21) 2.99 ±0.35 (41.46) 0.920±0.061 (22.85) 
LSD at 5% 
LSD at 1% 
1.48 
1.97 
1.15 
1.53 
0.77 
1.03 
0.127 
0.168 
-
ra
ys
 100Gy 6.33±0.62 (33.88) 6.83±0.65 (32.93) 5.03 ±0.15 (9.99) 1.155±0.052 ( 15.68) 
200Gy 7.83±0.53 (23.27) 7.41±0.56 (25.99) 5.39 ±0.19 (12.02) 1.136±0.062 (19.24) 
300Gy 5.5±0.61 (38.38) 6.00±0.36 (21.31) 3.79 ±0.21 (19.10) 1.048±0.057 (18.93) 
400Gy 5.16±0.66 (44.37) 5.75±0.51 (30.69) 3.17 ±0.24  (25.69) 0.995±0.058 (20.51) 
LSD at 5% 
LSD at 1% 
1.62 
2.16 
1.44 
1.92 
0.53 
0.71 
0.151 
0.200 
-
ra
ys
 +
EM
S 200Gy+0.1 5.58±0.58 (36.19) 6.08±0.58 (33.22) 3.28 ±0.24 (23.54) 1.098±0.053 (17.53) 
200Gy+0.2 5.25±0.52 (35.71) 5.33±0.58 (37.78) 2.46 ±0.32 (36.01) 0.998±0.062 (21.43) 
200Gy+0.3 4.83±0.67 (48.18) 4.92±0.51 (36.24) 2.51 ±0.23 (28.28) 0.965±0.064 (22.97) 
200Gy+0.4 4.50±0.61 (46.91) 4.67±0.61 (45.06) 2.27 ±0.33 (49.95) 0.915±0.066 (24.93) 
LSD at 5% 
LSD at 1% 
1.61 
2.14 
1.54 
2.05 
0.74 
0.98 
0.159 
0.213 
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Table 15 : Estimates of Mean values ( X ) and Coefficient of variation (CV) for different quantitative characters in M1  generation of Coriandrum 
sativum L. Var. RD-44. 
 
 
Treatments 
 
Days to flowering Plant height Days to maturity Branches /plant Umbels /plant 
X  ± S.E (CV%) X  ± S.E (CV%) X ± S.E (CV%) X ± S.E (CV%) X ± S.E (CV%) 
Control 65.50± 0.399 (2.11) 45.79±0.56 (4.21) 124.50±0.51 (1.43) 7.16±0.67 (32.52) 11.16±0.70 (21.86) 
EM
S 
0.1% 64.00± 0.461 (2.49) 47.94±0.48 (3.52) 123.33±0.78 (2.19) 8.25±0.70 (28.04) 15.75±1.03 (22.67) 
0.2% 68.83± 0.505 (2.54) 40.31±0.98 (8.31) 131.08±0.80 (2.12) 7.16±0.83 (40.26) 12.00±1.03 (29.73) 
0.3% 70.00± 0.640 (3.17) 36.45±0.93 (8.85) 133.08±0.75 (1.95) 5.91±0.83 (49.06) 10.83±0.66 (21.14) 
0.4% 72.83± 0.694 (3.30 33.47±0.87 (9.05) 135.25±0.69 (1.75) 5.66±0.90 (55.49) 9.75±0.85 (30.21) 
LSD at 5% 
LSD at 1% 
1.55 
2.07 
2.24 
2.97 
2.02 
2.69 
2.25 
3.04 
2.48 
3.32 
-
ra
ys
 100Gy 65.17± 0.441 (2.34) 46.04±0.61 (4.61) 123.25±0.54 (1.51) 7.25±0.73 (34.75) 11.41±0.95 (29.00) 
200Gy 66.83± 0.474 (2.46) 44.05±0.92 (7.19) 5130.42±0.74 (1.97) 6.83±0.61 (31.75) 11.25±0.93 (28.62) 
300Gy 68.67± 0.569 (2.87) 40.25±0.99 (9.09) 127.33±0.54 (1.47) 6.50±0.79 (42.15) 10.91±0.97 (30.88) 
400Gy 69.42± 0.621(23.09) 36.46±0.97 (9.24) 134.92±0.75 (1.93) 6.16±0.64 (36.52) 10.58±0.96 (31.56) 
LSD at 5% 
LSD at 1% 
1.44 
1.91 
2.39 
3.19 
1.77 
2.36 
1.98 
2.65 
2.60 
3.48 
-
ra
ys
 
+E
M
S 
200Gy+0.1 67.83± 0.474 (2.42) 41.88±0.79 (6.58) 130.83±0.82  (2.19) 6.25±0.76 (42.12) 10.66±0.95 (31.05) 
200Gy+0.2 70.50± 0.584 (2.86) 38.38±0.83 (7.48) 135.75±0.87 (2.22) 5.75±0.55 (33.21) 10.50±0.79 (26.09) 
200Gy+0.3 72.83± 0.815 (3.89) 35.68±0.95 (9.25) 139.83±0.78 (1.93) 5.41±0.64 (41.21) 10.00±0.97 (33.80) 
200Gy+0.4 74.50± 0.812 (3.78) 32.84±0.96 (10.17) 144.50±0.93(2.24) 5.00±0.59 (40.80) 9.58±0.96 (34.86) 
LSD at 5% 
LSD at 1% 
1.65 
2.19 
2.34 
3.11 
2.26 
2.99 
1.85 
2.47 
2.53 
4.38 
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Table 15. continued….. 
 
Treatments 
Umbellets /umbel No of seeds/umbellet Seed yield /plant   (g) 100 seed weight  (g) 
X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV %) X  ± S.E (CV %) 
Control 5.75 ±0.37 (22.4) 5.83±0.49 (29.09) 3.13±0.19 (21.00) 0.936±0.046 (17.40) 
EM
S 
0.1% 6.08± 0.45 (25.71) 7.08±0.63  (30.96) 3.95±0.22 (19.28) 0.999±0.049 (17.10) 
0.2% 7.67± 0.47 (21.05) 9.17±0.68 (25.82) 3.49±0.27 (26.98) 0.924±0.053 (19.87) 
0.3% 5.42± 0.53 (33.82) 5.50±0.66 (42.11) 2.17±0.22 (35.94) 0.797±0.054 (23.71) 
0.4% 5.00± 0.67 (46.70) 5.33 ±0.61 (39.45) 1.95±0.26 (47.69) 0.763±0.055 (25.16) 
LSD at 5% 
LSD at 1% 
1.59 
2.11 
1.75 
2.33 
0.67 
0.91 
0.148 
0.198 
γ-
ra
ys
 100Gy 6.33± 0.62 (33.88) 5.92±0.58 (34.15) 3.47±0.25 (24.78) 0.998±0.048 (18.06) 
200Gy 5.83± 0.53 (31.73) 5.58±0.49 (31.00) 3.24±0.28 (34.15) 0.941±0.061 (23.33) 
300Gy 5.50± 0.61 (38.36) 5.25±0.53 (35.52) 2.52±0.29 (39.68) 0.898±0.063 (24.38) 
400Gy 5.17± 0.61 (44.32) 4.92±0.65 (45.35) 2.06±0.23 (38.83) 0.847±0.061 (25.02) 
LSD at 5% 
LSD at 1% 
1.44 
1.91 
1.56 
2.08 
0.72 
0.96 
0.162 
0.216 
γ-
ra
ys
 
+E
M
S 
200Gy+0.1 5.58± 0.58 (36.20) 5.17±0.58 (38.51) 2.89±0.26 (30.79) 0.888±0.059 (23.08) 
200Gy+0.2 5.25± 0.52 (34.57) 5.00±0.69 (47.48) 2.23±0.27 (42.60) 0.810±0.065 (28.02) 
200Gy+0.3 4.83± 0.67 (48.18) 4.75±0.62 (44.98) 1.84±0.27 (50.54) 0.776±0.055 (24.62) 
200Gy+0.4 4.50± 0.61 (46.88) 3.92±0.42 (36.83) 1.64±0.26 (55.48) 0.728±0.062 (29.80) 
LSD at 5% 
LSD at 1% 
1.61 
2.14 
1.59 
2.13 
0.72 
0.97 
0.166 
0.222 
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Graph-1. Effects of EMS on seed germination (%) in M1 generation of Coriandrum 
sativum L. 
 
                
 
Graph-2. Effects of gamma rays on seed germination (%) in M1 generation of 
Coriandrum sativum L 
 
                     
 
Graph-3. Effects of combination treatment  (gamma rays+EMS) on seed 
germination (%) in M1 generation of Coriandrum sativum L 
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 Graph-4. Effects of EMS on plant survival (%) in M1 generation of Coriandrum 
sativum L 
 
 
Graph-5. Effects of gamma rays on plant survival (%) in M1 generation of 
Coriandrum sativum L 
 
 
 
Graph-6. Effects of combination treatment (gamma rays + EMS) on plant 
survival (%) in M1 generation of Coriandrum sativum L 
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Graph-7. Effects of EMS on pollen fertility (%) in M1 generation of Coriandrum 
sativum L 
 
 
Graph-8. Effects of gamma rays on pollen fertility (%) in M1 generation of 
Coriandrum sativum L 
 
 
Graph-9. Effects of combination treatment (gamma rays +EMS) on pollen 
fertility (%) in M1 generation of Coriandrum sativum L 
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Graph-10. Effects of EMS on seedling injury (%) in M1 generation of Coriandrum 
sativum L 
 
 
 
Graph-11. Effects of gamma rays on seedling injury (%) in M1 generation of 
Coriandrum sativum L 
 
 
 
Graph-12. Effects of combination treatment (gamma rays+EMS) on seedling injury 
(%) in M1 generation of Coriandrum sativum L 
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Graph-13. Frequency of meiotic abnormalities (%) induced by EMS in M1 generation 
of Coriandrum sativum L 
 
 
Graph-14. Frequency of meiotic abnormalities (%) induced by gamma rays in M1 
generation of Coriandrum sativum L. 
 
 
Graph-15. Frequency of meiotic abnormalities (%) induced by combination treatment 
of (gamma rays + EMS) in M1 generation of Coriandrum sativum L. 
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4.2. STUDIED IN M2 GENERATION : 
4.2.1.  Seed germination 
The seed germination in control populations of var. Karishma and  var. RD-44 
was 93.60% and 92.40 % respectively. In treated populations, a dose dependent 
decrease in seed germination and increase in percentage inhibition was observed in all 
the mutagenic treatments either separately or in combination (Graphs 16, 17 & 18). 
The highest inhibition 27.35% and 29.43% was recorded at 200Gy+0.4%EMS in var. 
Karishma and RD-44 respectively. In highest dose of EMS and γ-rays (0.4% and 
400Gy) the inhibition was recorded 22.64 and 20.51% in var. Karishma and 23.80and 
21.21 in var. RD-44. Although seed germination continued to decrease in the 
mutagenic treatments in M2 but the extent of inhibition was low as compared to M1 
generation, showing the decrease in mutagenic effect in M2 generation. The pooled 
mean values indicated that the combination treatment was more effective in reducing 
the germination percentage in both the varieties and order of effectiveness was γ-rays 
>EMS >γ-rays+EMS. (Tables 16 and 17) 
4.2.2.  Plant Survival 
 In all the treatment survival percentage was decreased as compared to control 
in both the varieties in M2 generation but the reduction was less as compared to M1 
generation. A dose dependent reduction in survival percentage was recorded in all the 
treatments in both the varieties (Graphs 19, 20 & 21). Maximum lethality (29.65% 
and 32.07%) was recorded in combination treatment (200Gy+0.4% EMS) in var. 
Karishma and RD-44 respectively. The highest dose of EMS and γ-rays i.e. (0.4% and 
400Gy) showed 26.45% and 25.07 % reduction in plant survival in var. Karishma and 
27.68% and 26.45% in var. RD-44 respectively. The pooled mean values indicated 
that combination treatment was more effective than individual treatment and the order 
of effectiveness was γ-rays+EMS>EMS>γ-rays in both the varieties (Tables 16 and 
17). However, the var. RD-44 was found to be more sensitive to mutagens than var. 
Karishma. 
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4.2.3. Pollen Fertility 
The pollen fertility generally decreased with an increase in concentration/dose 
of mutagenic treatment. Highest reduction in pollen fertility was found in combined 
treatment in both the varieties as compare to individual treatment. Treated population 
in M2 generation showed less pollen sterility as compared to M1 but the order of 
effectiveness was similar in both generations.  
4.2.4.  Chlorophyll mutations 
 Based on intensity of green coloration at seedling stage five different types of 
chlorophyll mutants i.e., albina, chlorina, xantha, tigrina and viresence were isolated 
in segregating M2 plants of both the varieties of coriander. All these types of 
chlorophyll mutants were isolated in the individual as well as in combination 
treatment. The frequency of chlorophyll mutation was more in combination treatment 
than individual mutagenic treatment. (Graphs 25, 26 & 27) The order of effectiveness 
was γ-rays+EMS> EMS> γ-rays. The varietal sensitivity was also observed and it was 
found that var. RD-44 was more sensitive and showed more chlorophyll mutation 
then var. Karishma.  A brief description of these chlorophyll mutants is given below: 
Albina: Seedlings were white in color and relatively smaller than the normal 
looking seedling of same age, the mutant survived for 10-15 days only (Plate VI; Figs. 
a & b) 
Chlorina: Seedlings were either light green or yellowish green in color, the 
seedling survived for 30-35 days and finally died (Plate VI; Figs. e & f) 
Xantha: Seedlings were straw yellow in color and showed normal growth in the 
beginning and finally died within 20-30 days (Plate VI; Figs. c & d) 
Tigrina: The mutants had characteristic yellowish and whitish band on their 
leaves and survived till maturity produced a few seeds (Plate; VII Fig a-e.). 
Virisent: Seedlings were light green or light yellow in color growth in the early 
stage but later became dark green. The mutants were normal looking and set a few 
seeds (Plate VI; Fig. f).  
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4.2.4.1 Frequency and spectrum of chlorophyll mutations 
Detailed analysis of frequency of chlorophyll mutations induced by mutagens and 
their combination treatments are presented in tables 18 &19. 
It is clear from tables that the two varieties of coriander differed in their response to 
different mutagens in relation to frequency of chlorophyll mutations. The variety RD-44 
showed more chlorophyll mutation than var. Karishma. The frequency of chlorophyll 
mutations increased with an increase in dose/concentration. The highest frequency of 
chlorophyll mutations was observed in combination treatment followed by EMS and γ-
rays. The pooled mean values for chlorophyll mutations showed that the combination 
treatment (γ-rays+EMS) induced 8.77% and 10.79% in Var. Karishma and var. RD-44 
respectively. Pooled mean values for individual mutagens showed that EMS was more 
effective than γ-rays in inducing chlorophyll mutations in both the varieties. The 
interaction coefficient (k) was less than additive values in all the combination treatment in 
both the varieties.  
4.2.5 Mutagenic effectiveness and efficiency 
Data on effectiveness and efficiency of various mutagenic treatments calculated on 
the basis of frequency of chlorophyll mutations are given in tables (20 and 21). Perusal of 
results revealed that effectiveness of various mutagens and the response of verities was 
varying. The effectiveness did not show any trend in treated populations. However, the 
maximum effectiveness was observed in EMS treatment as compared to combination 
treatment and γ-rays. Combination treatment and γ-rays induced almost same frequency 
of effectiveness. Var. RD-44 was found more effective than variety Karishma.  
Mutagenic efficiency refers to proportion of mutations in relation to the biological 
damage caused in M1 generation. The Mutagenic efficiency was calculated on the basis of 
inhibition in seed germination, lethality and pollen sterility. The efficiency calculated on 
the basis of inhibition was higher in var. Karishma while efficiency based on sterility was 
higher in var. RD-44. On the basis of inhibition, lethality and sterility, the efficiency was 
higher in combination treatments as compared to individual treatment in both the verities. 
The order of efficiency was γ-rays+EMS>EMS>γ-rays. 
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4.2.6 Cytological observations  
 The control plants of var. Karishma and var. RD-44 revealed 11 perfect 
bivalents (2n=22) at diakinesis and metaphase-I which showed equal segregation 
(11:11) at anaphase-I. Telophase-I, metaphase-II, anaphase-II and telophase-II stages 
were normal giving rise to normal tetrads. 
A study of microsporogenesis of plants raised from treated seeds showed 
various chromosomal aberrations which were almost similar types in both the 
varieties but the frequencies of these chromosomal aberrations were different (Tables 
22 and 23). The total frequency of meiotic aberrations in each dose/concentration at 
different stages of meiosis is presented in table 24. The various chromosomal 
aberrations were univalents, multivalents, stickiness, precocious separation, stray 
bivalents and non-synchronization at metaphase I/II, laggards, bridges and unequal 
separation at anaphase I/II. The dominant meiotic aberrations at telophase I/II were 
micro-nuclei, disturbed polarity and cytomixis. 
 The observations showed that almost all types of chromosomal aberrations 
induced by mutagens were dose dependent in both the varieties (Graphs 28, 29 & 30). 
The frequency of meiotic aberrations recorded in M2 generation was less than the M1 
generations. 
I.  Chromosomal aberrations at metaphase I and II 
1. Univalents 
 The univalents were observed at the metaphase I in almost all the treatments in 
both the varieties (except at 100Gy  γ-rays in var. Karishma). The frequency of PMCs 
showing univalents ranged from 0.27%-0.99% (EMS), 0.26%-0.64% (γ-rays) and 
0.29%-1.00% (γ-rays + EMS) in var. Karishma whereas, the frequency of PMCs 
showing univalents ranged from 0.25%-1.26% (EMS), 0.26%-1.23% (γ-rays) and 
0.29%-1.36 % (γ-rays + EMS) in var. RD-44. The combination treatments induced 
more frequency of PMCs with univalents than the individual mutagenic treatments. 
The maximum frequency of PMCs with univalents was recorded at the highest 
dose/concentration of each individual as well as in combination treatments in both the 
varieties.  
Results 
 
 
 
92 
2. Multivalents 
 Multivalents such as trivalents, tetravalents and haxavalents were observed at 
metaphase I in the treated populations of both the varieties. The multivalents showed 
dose dependent increase in almost all the individual as well as combined treatments in 
both the varieties. The frequency of PMCs showing multivalents ranged from 0.27%-
0.99% (EMS), 0.26%-0.99% (γ-rays) and 0.29%-1.00% (γ-rays + EMS) in var. 
Karishma, while this range was 0.56%-1.26% (EMS), 0.27%-0.92% (γ-rays) and 
0.59-1.36% (γ-rays + EMS) in var. RD-44. The combination treatments showed 
higher frequency of PMCs with multivalents than the individual mutagenic 
treatments. Moreover, the highest dose/ concentration of each individual and 
combination treatments showed the higher frequency of multivalents in both the 
varieties. The maximum frequency of PMCs with multivalents was 1.00% and 1.36% 
at 200Gy+ 0.4% EMS in var. Karishma and var. RD-44 respectively.  
3. Stickiness  
 Stickiness or clumping of chromosomes at metaphase I/II was the most 
common meiotic aberration. Chromosomes were clumped either in one or different 
groups, Sometime non-oriantation of chromosome occur due to stickiness. The 
frequency of PMCs showing stickiness ranged from 0.54%-1.32% (EMS),0.27%-
0.96% (γ-rays) and 0.58%-1.33% (γ-rays + EMS) in var. Karishma, while the 
frequency of PMCs showing stickiness ranged from 0.50%-1.58% (EMS), 0.53%-
0.92% (γ-rays) and 0.59%-1.73% (γ-rays + EMS) in var. RD-44. The combination 
treatments showed the more frequency of PMCs with stickiness than the individual 
mutagenic treatments. Moreover, the highest dose/concentration of each individual 
and combination treatment showed the higher frequency of PMCs with stickiness in 
both the varieties. The total frequency of PMCs with stickiness was higher in var. RD-
44 than var. Karishma.  
4. Precocious separation 
 Precocious separation at metaphase I/II was one of the most common 
cytological aberrations. The frequency of PMCs showing precocious separation 
ranged from 0.27%-0.99% (EMS), 0.26%-0.64% (γ-rays) and 0.29%-1.00% (γ-rays + 
EMS) in var. Karishma, while this range was 0.31%-1.26% (EMS), 0.26%-1.23% (γ-
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rays) and 0.29%-1.36% (γ-rays + EMS) in var. RD-44. Total frequency of PMCs with 
precocious separation was more in combination treatment than the individual 
mutagenic treatments.  
5. Stray bivalent 
 Stray bivalents were observed in all the mutagenic treatments in both the 
varieties. The frequency of PMCs with stray bivalents ranged from 0.27%-0.99% 
(EMS), 0.27%-0.96% (γ-rays) and 0.29%-1.00% (γ-rays + EMS) in var. Karishma, 
while it ranged from 0.25%-1.26% (EMS), 0.26%-0.92% (γ-rays) and 0.65%-1.36% 
(γ-rays + EMS) in var. RD-44. The combination treatments induced more frequency 
of PMCs with stray bivalents than the individual mutagenic treatments. Moreover, the 
highest dose/concentration of each individual as well as combination treatment 
induced the highest frequency of PMCs with stray bivalents in both the varieties. 
 6. Non-synchronization 
 None synchronization were observed in almost all the treatments with a few 
exceptions (0.1% EMS in variety RD-44 and 100Gy, 200Gy γ-rays in var. Karishma). 
The frequency of PMCs with non-synchronization ranged from 0.28%-0.99% (EMS), 
0.29%-0.64%(γ-rays) and 0.29%-1.00% (γ-rays + EMS) in var. Karishma, while this 
range was 0.25%-0.94% (EMS), 0.27%-0.92% (γ-rays) and 0.29% - 1.03% (γ-rays + 
EMS) in var. RD-44. The combination treatments induced more frequency of PMCs 
with non-synchronization than the individual mutagenic treatments. The highest 
dose/concentration of each individual and combination treatment induced highest 
frequency of PMCs with non-synchronization in both the varieties.  
II. Chromosomal aberrations at anaphase I and II 
 The dominant chromosomal aberrations at anaphase I/II were laggards, 
bridges and unequal separation of chromosomes. 
1. Laggards 
 Laggards were observed in all the treatments in both the varieties. These 
laggards were present either as univalents or as whole bivalents at anaphase I/II. The 
frequency of PMCs with laggards ranged from 0.54%-1.32% (EMS), 0.27%-1.29% 
Results 
 
 
 
94 
(γ-rays) and 0.58%-1.33% (γ-rays + EMS) in var. Karishma, while in var. RD-44 it 
ranged from 0.50%-1.58% (EMS), 0.26%-1.23% (γ-rays) and 0.26%-1.23% (γ-rays + 
EMS). The combination treatments induced more frequency of PMCs with laggards 
than the individual mutagenic treatments. Moreover, dose dependent increase was 
observed in all the mutagenic treatments in both the varieties.  
2. Bridges 
 Single, double, multiple bridges with or without fragments at anaphase stages 
were frequently observed in all the treatments in both the varieties. The highest 
dose/concentration of each individual and combination treatment induced highest 
frequency of PMCs with bridges in both the varieties. The frequency of PMCs with 
bridges ranged from 0.54%-1.32% (EMS), 0.54%-1.29% (γ-rays) and 0.29%-1.67% 
(γ-rays + EMS) in var. Karishma, while, the frequency of PMCs with bridges ranged 
from 0.25-%-1.58% (EMS), 0.53%-1.23% (γ-rays) and 0.59%-1.73% (γ-rays + EMS) 
in var. RD-44. The maximum frequency of PMCs with bridges was 1.67% and 1.73% 
at 200Gy + 0.40% EMS in Karishma and RD-44 respectively.  
3. Unequal separation 
 Unequal separation of chromosomes was noticed in all the treatments in both 
the varieties with a few exceptions in var. Karishma. The chromosomes segregated 
mostly in the ratio of 10:12. The combination treatments showed more frequency of 
PMCs with unequal separation of chromosomes than the individual mutagenic 
treatments. Moreover, dose dependent increase was observed in all the mutagenic 
treatments in both the varieties. The frequency of PMCs with unequal separation of 
chromosomes ranged from 0.28%-0.99% (EMS), 0.59%-0.96% (γ-rays) and 0.27-
1.33% (γ-rays + EMS) in Karishma where as in var. RD-44 it ranged from 0.25%-
1.26% (EMS), 0.26%-0.92% (γ-rays) and 0.29-1.36% (γ-rays+EMS). The maximum 
frequency of PMCs with unequal separation of chromosomes was 1.33% and 1.36% 
at 200Gy + 0.4% EMS in var. Karishma and var. RD-44 respectively. 
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III. Chromosomal aberrations at telophase I and II 
The most common chromosomal aberrations at telophase-I/II were micronucli, 
disturbed polarity and cytomixis. 
1. Micronuclei 
 Micronuclei were observed in almost all the treatments with a few exceptions 
(i.e., 100Gy of var. Karishma.) The frequency of PMCs with micronuclei ranged from 
0.27%-0.99% (EMS) 0.26%-0.96% (γ-rays) and 0.29%-1.00% (γ-rays + EMS) in var. 
Karishma, whereas, it ranged from 0.25%-1.26% (EMS), 0.26%-0.92% (γ-rays) and 
0.29-1.36% (γ-rays + EMS) in var. RD-44. The combination treatments induced more 
frequency of PMCs with micronuclei than the individual mutagenic treatments in M2 
generation. 
2. Disturbed polarity 
 Disturbed polarity was observed in almost all the treatments with a few 
exceptions in lower dose/concentrations of mutagenic treatments. However, the 
frequency of PMCs with disturbed polarity was observed more in combination 
treatments than the individual mutagenic treatments in both the varieties. The highest 
dose/concentration of each individual and combination treatment induced highest 
frequency of PMCs with disturbed polarity. The frequency of PMCs showing 
disturbed polarity ranged from 0.28%-1.32% (EMS), 0.27%-1.29% (γ-rays) and 
0.29%-1.33% (γ-rays + EMS) in var. Karishma, while it ranged from 0.31 %-1.94% 
(EMS), 0.27%-0.92% (γ-rays) and 0.29%-1.03% (γ-rays + EMS)in RD-44.  
3. CYTOMIXIS 
 Cytomixis was observed in almost all the mutagenic treatments except at the 
lower concentration (0.1%) of EMS in var. RD-44. The frequency of cytomixis 
ranged from 0.27%-1.32% (EMS), 0.27%-0.96% (γ-rays) and 0.58%-1.33% (γ-rays + 
EMS) in var. Karishma, whereas, this range was 0.31%-0.94% (EMS), 0.27%-0.92% 
(γ-rays) and 0.29%-1.03% (γ-rays + EMS) in var. RD-44. The combination treatments 
induced more frequency of PMCs with cytomixis than the individual mutagenic 
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treatments. Moreover, the highest dose/concentration of each mutagen induced the 
highest frequency of PMCs with cytomixis in both the varieties.   
Perusal of the results presented in Tables 22 and 23 revealed that meiotic 
aberrations increased with the increase in dose/concentration of each mutagen both 
individually as well as in combination in both the varieties. The overall frequency of 
meiotic aberrations at various stages of meiosis indicated that metaphase aberrations 
were more common followed by anaphase and telophase aberrations (Table.24). 
Combination treatments were most effective followed by EMS and γ-rays in inducing 
maximum frequency of meiotic aberrations in both the varieties. However, the 
frequency of meiotic aberrations was comparatively more in var. RD-44 than the var. 
Karishma. 
4.2.7. Quantitative characters 
In M2 generation mutagenic effect of EMS, gamma-rays and their combination 
treatment were studied on nine quantitative traits viz., days to flowering, plant height 
(cm), days to maturity, number of branches per plant, number of umbels per plant, 
number of umbellets  per umbel, number of seeds per umbellet, 100-seed weight (g) and 
total yield per plant (g). The data of each character was subjected to statistical analysis to 
assess the extent of induced variation by different mutagenic treatment. 
Data on mean values, standard error, coefficient of variation and lest significant 
difference for different qualitative traits are presented in Tables 25 and 26. 
1. Days to flowering & Days to maturity 
The data on days to flowering and days to maturity in M2 generation are shown in 
tables (25 and 26). Mean value for days to flowering was slightly decreased in lower 
concentration of EMS and γ-rays as compare to control but significantly increased in 
higher concentration of individual mutagen and in all concentration of combination 
treatment in both the verities. 
 Mean values for days to maturity was slightly reduced at lower concentration of 
EMS and γ-rays but increased with increase in dose/concentration in all the mutagenic 
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treatment in both the varieties.  Pooled mean value for days to maturity was more in 
combination treatment followed by EMS and gamma-rays. 
2. Plant height  
The plant height was measured when the growth of plant was stopped and fruit 
were matured. The observation showed that average plant height decreased with 
increasing concentrations of mutagens with a few exceptions in both the varieties. Mean 
value of plant height in control plant of var. Karishma was 88.15 cm it reduced from 
88.07-83.52 cm in (0.1-0.4%) EMS, 87.7-83.92 cm in (200Gy-400Gy) γ-rays and 85.99-
79.34 cm in combination treatment (200Gy+0.1% EMS-200Gy+0.4%EMS). Lower 
concentration of γ-rays (100Gy) showed slight increase (89.63cm) in average plant height 
In var. RD-44 the average plant height was 45.28 cm in control plants which decreased to 
42.06-39.54 cm in (0.3%-0.4%) EMS treatment, 43.97-40.93% in (300Gy-400Gy) γ-rays 
and 44.12-37.90 cm in (200Gy +0.10% EMS-200Gy+0.4% EMS) combination (0.1% 
EMS) treatment. Lower concentration of EMS and (100Gy & 200Gy) γ-rays showed 
slight increase in plant height as compared to control.  
3. Number of branches per plant 
Mean values of number of branches/Plant decreased with an increase in 
concentration/dose of mutagenic treatment in both the varieties but  lower 
concentration/dose of EMS (0.10%-0.20%) in var. RD-44 and γ-rays (100Gy-200Gy) in 
var. Karishma showed significant increase in mean value for number of branches/plant.  
The mean value of number of branches/plant in var. Karishma was 11.18 which 
significantly increased (13.33-14.83) at lower dose (100Gy-200Gy) of γ-rays but it 
decreased from 10.75-9.42 branches/plant in (0.1-0.4%) EMS, 10.50-10.08 branches in 
(200-400 Gy) γ-rays and from 10.50-9.25 in (200Gy+0.1% EMS-200Gy+0.6% EMS 
combination treatment. The mean value of branches/plant in var. RD-44 was 7.50 which 
significantly increased (10.18 & 8.83) at lower concentrations (0.1% & 0.2%) of EMS but 
it decreased from 6.42-6.08 in (0.3-0.4%) EMS 7.33-6.68 in (200-400 Gy) γ-rays and 
6.92-5.83 branches/plant in (200Gy+0.1%EMS-200Gy+0.4% EMS) combination 
treatments. 
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4. Umbels/plant, Umbellets/umbel and No of seed/plant 
Data in tables 25 and 26 indicated that the yield contributing trait such as 
umbels/plant, seeds/umbellet and umbellets/umbel were significantly affected by 
mutagenic treatment in both the verities. A dose dependent decreased was obtained in 
mean values in both the verities with a few exceptions of lower concentrations of EMS 
and γ-rays which showed significant increase in yield contributing traits. Maximum 
decrease was obtained at higher concentration of combination treatment.  Pooled mean 
value showed that more reduction was in combination treatment followed by EMS and γ-
rays. 
5. Seed yield/plant (g) and 100-seed weight (g) 
 Mean values for seed yield/plant was 5.09 g in control plant of var. Karishma, It 
decreased to 4.39g -3.79g in (0.3-0.4%) EMS, 4.53g-3.85g in (300-400Gy) γ-rays and 
4.64g-3.10g is combination treatment. A significant increase in yield/plant was observed 
in lower concentration of γ-rays, but in EMS yield/plant increased slightly. Seed yield 
per plant in var. RD-44 was 3.47g and it reduced from 2.66-2.29 gm in (0.3-0.4%) EMS, 
3.29-2.89g in (300Gy-400Gy) γ-rays and 3.14-2.07g in (200Gy+0.04% EMS) 
combination treatment. There was a significant increase at lower concentrations of EMS.  
Lower doses of EMS and γ-rays showed increase in 100-seed weight, but as the 
concentration increased the weight of 100 seeds decreases. Pooled mean values for 100-
seed weight showed maximum reduction in combination treatment followed by EMS and 
γ rays. 
4.2.8.  Morphological Mutations 
The treated populations were screened carefully along with control populations to 
identify various types of viable morphological mutations (macro mutation) at different 
stage of growth in M2 generation. Different types of morphological mutants were isolated 
in the treated populations of both the varieties of coriander. A wide range of viable 
morphological mutations affecting almost all part of the plant and seed characters were 
isolated in M2 generation. A detailed analysis of frequency of morphological mutation 
induced by EMS γ-ray and their combination treatment is presented in table 27 & 28. A 
brief description is given below 
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1. Mutation affecting plant height    
Tall mutant had remarkable increase in plant height and were isolated from all 
mutagenic treated populations. Gamma rays induced higher frequency of tall mutants in 
both the verities while dwarf mutant was found in maximum frequency in combination 
treatment and γ-rays showed least effect on dwarfness. 
2. Mutation affecting growth habit 
Bushy mutants showed numerous branches arising from the base and such mutants 
were isolated from all mutagenic treatment. The frequency of bushy mutant was higher in 
EMS treatment than gamma-rays and combination treatment.  
Mutants showing twisted stem were found only in combination treatment in var. 
Karishma and EMS and combination treatment in var. RD-44  
3. Leaf morphology  
The broad and small with highly pinnate leaves were identified. Some mutants 
showed reduced number of leaves. In broad leaf mutants leaf was entire or slight incised 
showing 3 lobes. Such type of mutants was found is both verities in all mutagenic 
treatments.  
The narrow leaf mutant showed deeply incised leaves and were highly pinnatified 
with narrow lanceolate or linear blades. Flowering and maturity was delayed. Such 
mutants were maximum in var. RD-44 than var. Karishma. 
4. Mutation affecting flower characters 
Large flower mutants showed broad petal as compare to that of control flowers. 
Such mutants set normal and bold seeds and showed delay in maturity. Such mutants 
were maximum in γ-ray treatment in both the varieties. But total frequency was maximum 
in var. Karishma than var. RD-44.  
Small flowered mutants were early maturing and seed setting was low. Such 
mutants were found in combination treatment in both the varieties. In var. RD-44, small 
flower mutant was also found in EMS treatment but is low frequency.  
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Purple flower mutant showed anthocyanin effect on stem, flowers and leaves such 
mutants were found in all mutagenic treatment in both the varieties. In var. Karishma 
purple flowered mutant showed maximum frequency in EMS treatment while in var. RD-
44 it was maximum in combination treatment. 
5. Mutation effecting growth period 
The frequency of late maturing mutants was more in var. RD-44 than var. 
Karishma. The frequency of such mutant was maximum in combination treatment in both 
the varieties. Flowering was delayed by 10-15 day and maturity was also delayed 
accordingly. Seed set was low and seed were comparatively bold. 
Early maturing mutant started flowering 10-12 days earlier and the time of maturity 
was also reduced accordingly. Plant was looking normal; the frequency of these mutants 
was more in EMS treatment in var. Karishma while it was more in gamma-rays in var. 
RD-44. 
6. Mutation affecting seed 
Bold seed mutants showed increased plant height, vigorous growth with several of 
branches. The mutants showed bold seeds, 100-seed weight increased because of seed 
size. Such mutant was found in all the mutagenic treatment but the frequency was 
maximum in var. RD-44 than var. Karishma. 
Small seed mutants showed slight reduction in plant height, short internodes, and 
smaller seed than control. The frequency of small seed mutants was maximum in 
combination treatment in both the varieties but total frequency of small seed mutants was 
maximum in var. RD-44 than var. Karishma. 
Purple seeds were found in low frequency. Such mutant was found in combination 
treatment in both the varieties but frequency of such mutant was maximum is var. RD-44 
than var. Karishma. 
7. Mutation Affecting Yield Parameters 
Some mutants showed more number of umbels and were bushy in nature and had 
several branches each branch turned into an umbel. The Frequency of such mutants was 
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more in γ-rays treated population in both the verities. Total frequency was more in var. 
RD-44 than var.  Karishma.  
Umbellets per umbel was maximum in var. RD-44 than var. Karishma. The number 
of seeds in an umbel was also maximum in EMS treatment in var. Karishma while in var. 
RD-44 the number of seeds per umbel was maximum in combination treatment. The 
occurrence of more number of umbels per plant and more number of umbellets per umbel 
showed increase in yield/plant.  Ya rab madad kar  meri             
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Table 16:  Effect of EMS, γ-rays and their combination treatments on seed germination, plant survival and pollen fertility in M2 generation of 
Coriandrum sativum L. var. Karishma 
Treatment Germination (%) Inhibition (%)  Plant survival (%) Lethality (%) Pollen fertility (%) Reduction (%) 
 Control 93.60   96.15  94.47  
E
M
S 
0.1% 88.40 5.55  90.49 5.88 86.84 8.07 
0.2% 82.00 12.39  84.87 11.73 82.00 13.19 
0.3% 77.60 17.09  75.54 21.43 76.47 19.05 
0.4% 72.40 22.64  70.71 26.45 71.40 24.40 
Pooled mean 80.10 14.42  80.40 16.37 79.18 16.70 
γ-
ra
ys
 
100Gy 89.60 4.27  92.85 3.43 90.06 4.66 
200Gy 84.80 9.40  86.79 9.73 84.93 10.09 
300Gy 80.40 14.10  77.14 19.77 79.36 15.99 
400Gy 74.40 20.51  72.04 25.07 73.31 22.39 
Pooled mean 82.30 12.07  82.20 14.50 81.95 13.28 
γ-
ra
ys
 +
 E
M
S 200Gy+0.1% 84.40 9.82  87.74 8.74 84.30 10.76 
200Gy+0.2% 78.00 16.66  79.48 17.33 79.24 16.12 
200Gy+0.3% 72.80 22.22  71.42 25.72 73.95 21.72 
200Gy+0.4% 68.00 27.35  67.64 29.65 68.11 27.90 
Pooled mean 75.80 19.013  76.57 20.36 76.40 19.12 
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Table 17:  Effect of EMS, γ-rays and their combination treatments on seed germination, plant survival and pollen fertility in M2 generation 
of Coriandrum sativum L. var. RD-44 
Treatment Germination (%) Inhibition (%)  Plant survival 
(%) 
Lethality (%) Pollen fertility 
(%) 
Reduction (%) 
 Control 92.40   93.50  93.84  
E
M
S 
0.1% 85.60 7.35  88.31 5.55 88.27 5.93 
0.2% 79.60 13.85  79.40 15.08 81.48 13.17 
0.3% 73.20 20.77  73.22 21.68 74.59 20.51 
0.4% 70.40 23.80  67.61 27.68 68.88 26.59 
Pooled mean 77.20 16.44  77.14 17.49 78.30 16.55 
γ-
ra
ys
 
100Gy 86.00 6.92  89.76 4.00 89.92 4.17 
200Gy 81.60 11.69  80.88 13.49 83.33 11.1`9 
300Gy 78.40 15.15  75.54 19.20 76.38 18.60 
400Gy 72.80 21.21  68.81 26.40 70.88 24.46 
Pooled mean 79.70 13.58  78.75 15.77 80.12 14.61 
γ-
ra
ys
 +
 E
M
S 
200Gy+0.1% 82.40 10.82  86.36 7.63 87.99 11.56 
200Gy+0.2% 74.80 19.09  77.54 17.06 77.82 17.07 
200Gy+0.3% 70.80 23.37  69.10 26.09 71.62 23.67 
200Gy+0.4% 65.20 29.43  63.51 32.07 64.82 30.92 
Pooled mean 73.30 20.68  74.13 20.71 75.56 20.81 
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Table 18: Spectrum and frequency of induced chlorophyll mutations in  M2 generation of  Coriandrum sativum L var. Karishma. 
Treatment Total no of  M2 
plant screened 
Chlorophyll Total mutation 
frequency (%) 
K 
 
Albino Chlorina Tegrina Xantha Virescence 
 
Control 561       - 
EM
S 
0.1% 531 0.188 0.376 0.188 0.188 - 0.940 - 
0.2% 492 0.203 0.203 0.203 0.203 0.203 1.218 - 
0.3% 465 0.430 0.210 0.210 0.210 0.430 1.925 - 
0.4% 434 0.460 0.460 0.460 0.460 0.460 2.531 - 
Total  1.2810 1.2490 1.0610 1.0610 1.0930 6.6140 - 
γ-
ra
ys
 100Gy 100Gy 0.186 0.372 - 1.86  0.744 - 
200Gy 200Gy 0.196 0.392 0.196 0.196 0.196 1.176 - 
300Gy 300Gy 0.207 0.414 0.207 0.414 0.207 1.449 - 
400Gy 400Gy 0.448 0.672 0.448 0.448 0.672 2.68 - 
Total  1.0370 1.8500 0.8510 2.9180 1.0750 6.0490 - 
γ-
ra
ys
 +
EM
S 200Gy+0.1% 506 0.197 0.395 0.197 0.395 0.197 1.381 0.614 
200Gy+0.2% 468 0.427 0.641 0.213 0.427 0.213 1.921 0.802 
200Gy+0.3% 437 0.427 0.686 0.228 0.457 0.457 2.285 0.736 
200Gy+0.4% 408 0.735 0.735 0.490 0.735 0.490 3.185 0.859 
Total  1.7860 2.4570 1.1280 2.0140 1.3570 8.7720  
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Table 19: Spectrum and frequency of induced Chlorophyll mutation in  M2 generation of  Coriandrum sativum L var. RD-44. 
Treatment No. of M1 
plant 
progenies 
 
Total no 
of  M2 
plant 
screened 
Chlorophyll  mutant Total 
mutation 
frequency 
(%) 
K 
 
Albino Chlorina Tegrina 
 
Xantha Virescence 
 
Control 50 554       - 
EM
S 
0.1% 50 513 0.194 0.389 0.194 0.194 - 0.971  
0.2% 50 477 0.209 0.419 0.419 0.419 0.209 1.675  
0.3% 50 439 0.455 0.683 0.455 0.683 0.455 2.731  
0.4% 50 422 0.473 0.710 0.473 0.710 0.473 2.83  
Total   1.3310 2.2010 1.5410 2.0060 1.1370 8.2070  
γ-
ra
ys
 100Gy 50 516 0.193 0.387 0.193 0.193 - 0.966  
200Gy 50 489 0.204 0.408 0.204 0.408 - 1.224  
300Gy 50 470 0.425 0.425 0.212 0.425 0.212 1.699  
400Gy 50 436 0.688 0.458 0.229 0.688 0.458 2.521  
Total Total  1.5100 1.6780 0.8380 1.7140 0.6700 6.4100  
γ-
ra
ys
 +
 
EM
S 
200Gy+0.1% 50 475 0.210 0.421 0.421 0.210 0.210 1.472 0.670 
200Gy+0.2% 50 449 0.445 0.668 0.688 0.445 0.222 2.448 0.844 
200Gy+0.3% 50 427 0.468 0.702 0.702 0.702 0.468 3.042 0.769 
200Gy+0.4% 50 391 0.767 1.023 0.767 0.767 0.511 3.835 0.945 
Total 
 
  1.8900 2.8140 2.5780 2.1240 1.4110 10.7970  
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Table 20.  Mutagenic effectiveness and efficiency of EMS, Gamma rays  and their combination treatments Coriandrum sativum L var. Karishma 
Treatment Inhibition  in 
seed 
germination (% 
R) 
Lethality 
(% L) 
Pollen sterility 
(% S) 
mutation 
Frequency 
(%) 
 
Mutagenic 
Effectiveness 
MF/T.C 
Mutagenic efficiency 
MF/R MF/L MF/S 
 Control   -      
E
M
S 
0.1% 9.05 9.03 09.55 0.940 1.566 0.103 0.104 0.098 
0.2% 15.94 19.41 20.51 1.281 1.015 0.080 0.065 0.062 
0.3% 21.55 29.39 27.62 1.925 1.069 0.089 0.065 0.069 
0.4% 28.44 33.29 34.84 2.531 1.054 0.089 0.076 0.072 
Total      0.3610 0.3100 0.3010 
γ-
ra
ys
 
100Gy 7.32 6.80 07.67 0.748 0.074 0.102 0.110 0.098 
200Gy 12.93 16.99 17.79 1.176 0.058 0.091 0.069 0.066 
300Gy 18.96 27.08 25.36 1.449 0.048 0.076 0.054 0.057 
400Gy 26.72 30.52 32.42 2.680 0.067 0.100 0.087 0.083 
Total 
     0.3690 0.3200 0.3040 
γ-
ra
ys
 +
 E
M
S 
200Gy+0.1% 13.36 8.70 15.22 1.381 0.115 0.103 0.158 0.091 
200Gy+0.2% 20.25 23.78 23.52 1.921 0.080 0.094 0.081 0.082 
200Gy+0.3% 28.01 35.59 33.00 2.285 0.063 0.082 0.064 0.069 
200Gy+0.4% 35.77 37.48 41.88 3.185 0.066 0.089 0.085 0.076 
Total 
   
  0.3680 0.3880 0.3180 
 
 
 
Results 
 
 
 
107
Table 21:  Mutagenic effectiveness and efficiency of EMS, γ-rays  and their combination treatments Coriandrum sativum L var. RD-44 
Treatment % Reduction 
in seed 
germination 
(R) 
% Lethality in 
seedling 
survival (L) 
% Pollen 
sterility (S) 
(%)mutation 
Frequency 
 
Mutagenic 
Effectiveness 
MF/T.C 
Mutagenic efficiency 
MF/R MF/L MF/S 
 Control         
E
M
S 
0.1% 8.84 7.69 8.44 0.971 1.618 0.109 0.126 0.115 
0.2% 18.88 21.38 15.34 1.675 1.395 0.088 0.078 0.109 
0.3% 23.00 26.31 24.63 2.731 1.517 0.118 0.104 0.111 
0.4% 28.31 34.27 31.55 2.83 1.179 0.099 0.083 0.089 
Total      0.4140 0.3910 0.4240 
γ-
ra
ys
 
100Gy 7.96 5.97 7.18 0.966 0.096 0.121 0.162 0.135 
200Gy 15.92 19.93 13.95 1.224 0.062 0.077 0.06 0.087 
300Gy 21.23 27.96 22.37 1.699 0.056 0.080 0.061 0.072 
400Gy 29.64 33.58 31.12 2.521 0.063 0.085 0.075 0.081 
Total      0.3630 0.3580 0.3750 
γ-
ra
ys
 +
 E
M
S 
200Gy+0.1% 13.27 8.52 10.31 1.472 0.122 0.111 0.172 0.143 
200Gy+0.2% 23.45 25.89 17.73 2.448 0.102 0.104 0.094 0.138 
200Gy+0.3% 30.08 34.67 28.57 3.042 0.084 0.101 0.088 0.106 
200Gy+0.4% 38.05 41.01 38.60 3.835 0.079 0.101 0.093 0.099 
Total      0.4170 0.4470 0.4860 
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Table 22: Frequency of meiotic aberrations induced by EMS,γ-rays and their combination treatments in M2 generation of Coriandrum 
sativum L. var. Karishma 
 
 
Treatment 
To
ta
l n
o.
 O
f P
M
C 
Metaphase I/II Anaphase I/II Telophase I/II 
T
ot
al
 %
  o
f 
ab
no
rm
al
iti
es
 
U
ni
va
le
nt
 
M
ul
tiv
al
en
t 
St
ic
ki
ne
ss
 
Pr
ec
oc
io
us
 
se
pa
ra
tio
n 
St
ra
y 
bi
va
le
nt
 
N
on
-
sy
nc
hr
on
iz
at
io
n 
La
ga
rd
 
B
rid
ge
 
U
ne
qu
al
 
se
pa
ra
tio
n 
M
ic
ro
nu
cl
ei
 
D
is
tu
rb
ed
 
po
la
rit
y 
C
yt
om
ix
is 
Control 350 - - - - - - - - - - - -  
E
M
S 
0.10% 365 0.27 0.27 0.54 0.27 0.27 - 0.54 0.54 - 0.27 - 0.27 
3.24 
0.20% 346 0.57 0.57 0.87 0.28 0.28 0.28 0.87 0.57 0.28 0.57 0.28 0.28 5.70 
0.30% 352 0.85 0.85 1.13 0.56 0.56 0.56 1.13 1.42 0.56 0.85 0.85 0.56 9.88 
0.40% 302 0.99 0.99 1.32 0.99 0.99 0.99 1.32 1.32 0.99 0.99 1.32 1.32 13.53 
Total 2.68 2.68 3.86 2.1 2.1 1.83 3.86 3.85 1.83 2.68 2.45 2.43 2.68 32.35 
-
ra
ys
 
100Gy 368 - - 0.27 - 0.27 - 0.27 0.54 - - 0.27 0.27 1.89 
200Gy 382 0.26 0.26 0.52 0.26 0.52 - 0.52 0.78 - 0.26 0.52 0.52 4.42 
300Gy 335 0.29 0.59 0.89 0.29 0.89 0.29 0.89 1.19 0.59 0.59 0.89 0.59 7.98 
400Gy 310 0.64 0.96 0.96 0.64 0.96 0.64 1.29 1.29 0.96 0.96 1.29 0.96 11.55 
Total 1.19 1.81 2.64 1.19 2.64 0.93 2.97 3.8 1.55 1.81 2.97 2.34  1.19 25.84 
-
ra
ys
+ 
E
M
S 
200Gy+0.1% 342 0.29 0.29 0.58 0.29 0.29 0.29 0.58 0.29 - 0.29 0.29 0.58 4.06 
200Gy+0.2% 366 0.54 0.54 0.82 0.54 0.82 0.54 0.82 0.54 0.27 0.54 0.54 0.82 7.33 
200Gy+0.3% 330 0.90 0.60 0.90 0.60 0.90 0.60 0.90 1.21 0.60 0.90 0.90 1.21 10.22 
200Gy+0.4% 299 1.00 1.00 1.33 1.00 1.00 1.00 1.33 1.67 1.33 1.00 1.33 1.33 14.32 
Total 2.73 2.43 3.63 2.43 3.01 2.43  3.63 3.71 2.2 2.73 3.06 3.94 2.73 35.93 
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Table 23: Frequency of meiotic aberrations induced by EMS, γ-rays and their combination treatments in M2 generation of 
Coriandrum sativum L. var. RD-44 
  
Tr
ea
tm
en
t 
To
ta
l n
o.
 o
f  
PM
C
 
Metaphase I/II Anaphase I/II Telophase I/II 
  
To
ta
l %
  o
f 
ab
no
rm
al
iti
es
 
U
ni
va
le
nt
 
M
ul
tiv
al
en
t 
St
ic
ki
ne
ss
 
Pr
ec
oc
io
us
 
se
pa
ra
tio
n 
St
ra
y 
bi
va
le
nt
 
N
on
-
sy
nc
hr
on
iz
at
io
n 
La
ga
rd
 
B
rid
ge
 
U
ne
qu
al
 
se
pa
ra
tio
n 
M
ic
ro
nu
cl
ei
 
D
is
tu
rb
ed
 
po
la
rit
y 
C
yt
om
ix
is
 
Control 380 - - - - - - - - - - - -  
E
M
S 
0.10% 395 0.25 0.5 0.5 - 0.25 0.25 0.5 0.25 0.25 0.25 - - 3.00 
0.20% 320 0.62 0.63 0.93 0.31 0.62 0.31 0.62 0.62 0.62 0.62 0.31 0.31 6.52 
0.30% 292 1.02 0.68 1.36 1.02 1.02 0.68 1.02 1.02 1.02 1.02 0.68 0.68 11.22 
0.40% 316 1.26 1.26 1.58 1.26 1.26 0.94 1.58 1.58 1.26 1.26 0.94 0.94 15.12 
Total  3.15 3.07 4.37 2.59 3.15 2.18 3.72 3.47 3.15 3.15 1.93 1.93 35.86 
-
ra
ys
 
100Gy 375 0.26 - 0.53 0.26 0.26 - 0.26 0.53 0.26 0.26 - - 2.62 
200Gy 366 0.54 0.27 0.54 0.54 0.54 0.27 0.81 0.54 0.54 0.54 0.27 0.27 5.67 
300Gy 309 0.97 0.32 0.64 0.97 0.64 0.32 0.97 0.64 0.64 0.64 0.32 0.64 7.71 
400Gy 325 1.23 0.92 0.92 1.23 0.92 0.92 1.23 1.23 0.92 0.23 0.92 0.92 11.59 
Total  3.00 1.51 2.63 3.00 2.36 1.51 3.27 2.94 2.36 1.67 1.51 1.83 27.59 
-
ra
ys
+ 
E
M
S 
200Gy+0.1% 338 0.29 0.59 0.59 0.29 - 0.29 0.59 0.59 0.29 0.29 - 0.29 4.10 
200Gy+0.2% 304 0.65 0.65 0.98 0.98 0.65 0.65 0.98 0.65 0.65 0.65 0.32 0.32 8.13 
200Gy+0.3% 315 1.26 0.95 1.58 1.26 0.95 0.95 1.26 1.26 0.95 0.95 0.63 0.63 12.63 
200Gy+0.4% 289 1.36 1.36 1.73 1.36 1.36 1.03 1.73 1.73 1.36 1.36 1.03 1.03 16.44 
Total  3.56 3.55 4.88 3.89 2.96 2.92 4.56 4.23 3.25 3.25 1.98 2.27 41.30 
Results 
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Table 24. Comparison of total frequencies of meiotic aberrations induced by EMS, γ-rays and their combination treatments at different 
stages of meiosis in vars. Karishma and RD-44. in  M2 generation of Coriandrum sativum L. 
Treatment Var.  Karishma Total %  of 
abnormalities 
Var. RD-44 Total %  of 
abnormalities Metaphase Anaphase Telophase Metaphase Anaphase Telophase 
Control         
E
M
S 
0.1% 1.62 1.08 0.54 3.24 1.75 1.00 0.25 3.00 
0.2% 2.85 1.72 1.13 5.70 3.42 1.86 1.24 6.52 
0.3% 4.51 3.11 2.26 9.88 5.78 3.06 2.38 11.22 
0.4% 6.27 3.63 3.63 13.53 7.56 4.42 3.14 15.12 
Total 16.43 8.36 7.56 32.35 18.51 10.34 7.01 35.86 
-
ra
ys
 
100Gy 0.54 0.81 0.54 1.89 1.31 1.05 0.26 2.62 
200Gy 1.82 1.30 1.30 4.42 2.70 1.89 1.08 5.67 
300Gy 3.24 2.67 2.07 7.98 3.86 2.25 1.60 7.71 
400Gy 4.80 3.54 3.21 11.55 6.14 3.38 2.07 11.59 
Total 12.18 7.16 6.50 25.84 14.01 8.57 5.01 27.59 
-
ra
ys
 +
 E
M
S 
200Gy+0.1% 2.03 0.87 1.16 4.06 2.05 1.47 0.58 4.10 
200Gy+0.2% 3.80 1.63 1.90 7.33 4.56 2.28 1.29 8.13 
200Gy+0.3% 4.50 2.71 3.01 10.22 6.95 3.47 2.21 12.63 
200Gy+0.4% 6.33 4.33 3.66 14.32 8.20 4.82 3.42 16.44 
Total  16.66 9.54 9.73 35.93 21.76 12.04 7.50 41.30 
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Table Continued ………. 
 
Table 25: Estimates of Mean values ( X ) and Coefficient of variation (CV) for different quantitative characters in M2 generation of 
Coriandrum sativum L. Var. Karishma 
 
Treatments 
 
Days to flowering Plant height Days to maturity Branches /plant Umbels/plant 
X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) 
Control 81.17±0.36 (1.56) 88.15±0.41 (1.62) 143.25±0.41 (0.99) 11.18±0.35 (10.68) 16.17±0.59 (12.61) 
EM
S 
0.1% 82.42±0.39 (1.67) 88.07±0.37 (1.45) 145.33±0.48 (1.14) 10.75±0.39 (12.62) 16.25±0.82 (17.42) 
0.2% 84.25±0.45 (1.83) 86.91±0.46 (1.82) 147.50±0.51 (1.21) 10.33±0.41 (13.88) 16.58±0.69 (14.42) 
0.3% 86.08±0.53 (2.18) 85.06±0.49 (2.02 150.42±0.54 (1.25) 09.92±0.43 (15.17) 15.75±0.83 (18.18) 
0.4% 87.58±0.67 (2.64) 83.52±0.51 (2.12 152.58±0.66 (1.49) 09.42±0.46 (17.21) 15.08±0.74 (17.07) 
LSD at 5% 
LSD at 1% 
1.40 
1.87 
1.28 
1.70 
1.49 
1.98 
1.15 
1.53 
2.09 
2.77 
γ-
ra
ys
 100Gy 80.25±0.46 (1.99) 89.63±0.41 (1.56) 141.17±0.41 (0.99) 13.33±0.37 (9.77) 17.42±0.48 (9.62) 
200Gy 81.83±0.57 (2.49) 87.71±0.44 (1.75) 143.08±0.43 (1.06) 14.83±0.41 (10.14) 20.83±0.68 (11.36) 
300Gy 83.00±0.62 (2.57) 85.82±0.55 (2.20) 146.33±0.56 (1.31) 10.50±0.42 (13.77) 15.17±0.78 (17.74) 
400Gy 85.50±0.66 (2.66) 83.92±0.57 (2.36) 148.75±0.59 (1.37) 10.08±0.48 (16.62) 14.16±0.65 (15.16) 
LSD at 5% 
LSD at 1% 
1.55 
2.06 
1.24 
1.81 
1.37 
1.83 
1.16 
1.54 
1.82 
2.73 
γ-
 ra
ys
+E
M
S 200Gy+0.1% 83.75±0.55 (2.28) 85.99±0.47 (1.88) 147.92±0.56 (1.31) 10.50±0.38 (12.51) 15.75±0.63 (13.83) 
200Gy+0.2% 86.00±0.67 (2.71) 83.77±0.57 (2.34) 149.58±0.61 (1.42) 10.00±0.41 (14.14) 15.17±0.74 (16.83) 
200Gy+0.3% 87.42±0.72 (2.86) 82.06±0.62 (2.62) 152.50±0.63 (1.44) 09.67±0.43 (15.48) 14.75±0.79 (18.53) 
200Gy+0.4% 89.50±0.74 (2.88) 79.34±0.74 (3.21) 156.58±0.69 (1.53) 09.25±0.46 (17.32) 14.00±0.86 (21.32) 
LSD at 5% 
LSD at 1% 
1.77 
2.36 
1.62 
2.16 
1.66 
2.21 
1.15 
1.54 
2.05 
2.73 
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Table 25 Continued....... 
 
Treatments 
Umbellets /umbel No of seeds/umbellet Seed yield /plant   
(g) 
100 seed weight  (g) 
X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) 
Control 6.17±0.44 (24.78) 6.42±0.34  (18.15) 5.09±0.15 (10.03) 1.185±0.028 (8.18) 
EM
S 
0.1% 6.25±0.49 (27.39) 6.50±0.29 (15.38) 5.18±0.18 (11.12) 1.216±0.035 (10.13) 
0.2% 6.10±0.54 (28.96) 6.37±0.39 (20.56) 5.41±0.16 (10.48) 1.152±0.036 (10.98) 
0.3% 5.75±0.44 (29.77) 5.92±0.43 (25.43) 4.39±0.25 (19.77) 1.099±0.044 (13.90) 
0.4% 5.33±0.51 (33.28) 5.67±0.31 (18.93) 3.79±0.28 (25.63) 1.075±0.045 (14.75) 
LSD at 5% 
LSD at 1% 
1.40 
1.87 
1.01 
1.34 
0.59 
0.79 
0.109 
0.145 
-
ra
ys
 100Gy 7.42±0.65 (30.10) 8.41±0.49 (20.54) 6.60±0.18 (9.18) 1.199±0.032 (9.41) 
200Gy 8.00±0.69 (30.15)   7.25±0.48 (22.68) 6.03±0.22 (12.54) 1.261±0.043 (11.85) 
300Gy 5.83±0.58 (34.11) 5.92±0.47 (27.39) 4.53±0.22 (16.68) 1.134±0.037 (11.56) 
400Gy 5.42±0.59 (38.12) 5.75±0.44 (26.86) 3.85±0.25 (22.18) 1.098±0.047 (15.04) 
LSD at 5% 
LSD at 1% 
LSD at 5% 
LSD at 1% 
1.27 
1.69 
0.58 
0.77 
0.109 
0.145 
-
ra
ys
 +
EM
S 200Gy+0.1% 5.92±0.72 (42.30) 5.92±0.49 (29.23) 4.64±0.20 (14.94) 1.163±0.046 (13.76) 
200Gy+0.2% 5.50±0.72 (45.54) 5.67±0.49 (30.40) 4.07±0.32 (26.52) 1.112±0.041 (12.91) 
200Gy+0.3% 5.25±0.64 (42.30) 5.33±0.46 (30.26) 3.61±0.32 (30.69) 1.085±0.041 (13.08) 
200Gy+0.4% 5.00±0.60 (41.78) 5.00±0.49 (34.12) 3.10±0.29 (32.74) 1.044±0.051  (17.03) 
LSD at 5% 
LSD at 1% 
1.79 
2.38 
1.31 
1.74 
0.75 
0.99 
0.120 
0.159 
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 Table continued …. 
Table 26: Estimates of Mean values ( X ) and Coefficient of Variation (CV) for different quantitative characters in M2 generation of 
Coriandrum sativum l. var. Rd-44. 
 
 
Treatments 
 
Days to flowering Plant height Days to maturity Branches /plant Umbels /plant 
X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) 
Control 66.42±0.38 (1.97) 45.28 ±0.31 (2.37) 123.08±0.38 (1.06) 7.50±0.38 (17.52) 12.25±0.32 (9.29) 
EM
S 
0.1% 66.33±0.33 (1.74) 47.76±0.33 (2.41) 122.17±0.42 (0.94) 10.18±0.53 (18.19) 16.33±0.39 (8.33) 
0.2% 67.92±0.39 (2.03) 45.88±0.38 (2.84) 129.17±0.55 (1.47) 8.83±0.58 (22.55) 13.08±0.42 (11.03) 
0.3% 69.42±0.63 (3.15) 42.06±0.41 (3.59) 132.25±0.65 (1.70) 6.42±0.61 ( 32.86) 11.75±0.41 (12.09) 
0.4% 71`.25±0.68( 3.28) 39.54±0.47 (4.15) 134.58±0.79 (2.04) 6.08±0.62 (35.36) 11.33±0.58(17.78) 
LSD at 5% 
LSD at 1% 
1.42 
1.89 
1.08 
1.45 
1.64 
2.18 
1.55 
2.07 
1.23 
1.64 
-
ra
ys
 100Gy 65.33±0.47 ( 2.47) 46.34±0.37 (2.74) 121.92±0.42 (1.19) 7.75±0.41 (18.34) 12.58±0.38 (10.42) 200Gy 64.92±0.43 (2.32) 45.46±0.41 (3.13) 123.42±0.48 (1.36) 7.33±0.48 (22.77) 12.17±0.50 (14.37) 
300Gy 68.00±0.49 (2.50) 43.97±0.47 (3.69) 126.00±0.52 (1.43) 7.00±0.54 (26.55) 11.83±0.61 (17.96) 
400Gy 69.83±0.55 (2.72) 40.93±0.59 (4.98) 129.5±0.65  (1.73) 6.68±0.54 (28.12) 11.25±0.69 (21.48) 
LSD at 5% 
LSD at 1% 
LSD at 5% 
LSD at 1% 
1.24 
1.65 
1.41 
1.87 
1.34 
1.78 
1.48 
1.97 
-
ra
ys
 +
EM
S 200Gy+0.1% 67.42±0.48 (2.49) 44.12±0.46 (3.63) 128.58±0.47 (1.26) 6.92±0.59 (29.85) 11.92±0.58 (16.88) 
200Gy+0.2% 69.83±0.60 (2.98) 42.44±0.53 (4.41) 132.50±0.69 (1.80) 6.42±0.63 (34.17) 11.42±0.57 (17.29) 
200Gy+0.3% 70.92±0.49 (2.44) 40.30±0.57 (4.95) 136.42±0.75 (1.91) 6.17±0.66 (37.13) 11.00±0.76 (23.90) 
200Gy+0.4% 72.00±0.88 (4.23) 37.90±0.64 (5.82) 139.67±0.81 (2.01) 5.83±0.69 (41.25) 10.75±0.69 (22.13) 
LSD at 5% 
LSD at 1% 
1.67 
2.23 
1.46 
1.93 
1.82 
2.42 
1.71 
2.27 
1.71 
2.27 
      
Results 
 
 
 
114
 
Table 26 Continued..............  
 
Treatments 
Umbellets /umbel No of seeds/umbellet Seed yield /plant 
(g) 
100 seed weight  (g) 
X  ± S.E (CV%) X ± S.E (CV %) X  ± S.E (CV %) X ± S.E (CV %) 
Control 5.33±0.67 (43.90) 6.17± 0.38(21.68) 3.47±0.16 (15.72) 0.959± 0.028 (10.10) 
EM
S 
0.1% 6.00±0.78  (45.50) 8.42±0.51 (21.63) 4.29±0.19 (`15.86) 0.971±0.035 (13.23) 
0.2% 7.83±0.63 (28.21) 7.75± 0.44 (19.93) 4.01±0.25 (21.40) 0.902±0.039 (15.28) 
0.3% 4.75±0.73 (53.05) 5.42±0.54 (34.72) 2.66±0.28 (36.30) 0.879±0.035 (13.94) 
0.4% 4.66±0.74 (55.15) 5.08±0.62 (42.34) 2.29±0.29 (43.25) 0.877±0.048 (19.18) 
LSD at 5% 
LSD at 1% 
2.04 
2.7 
1.44 
1.91 
0.67 
0.89 
0.107 
0.143 
-
ra
ys
 
100Gy 5.25±0.78 (51.42) 6.33± 0.46(25.49) 3.87±0.19 (17.67) 0.979±0.031 (10.81) 
200Gy 4.58±0.55 (41.92) 6.58± 0.57(30.00) 3.56±0.27 (26.05) 0.955±0.037 (13.56) 
300Gy 4.25±0.57 (47.05) 5.92± 0.52(30.96) 3.29±0.32 (33.47) 0.909±0.035 (13.49) 
400Gy 4.16±0.63 (52.88) 5.33±0.59 (38.63) 2.89±0.35 (41.84) 0.888±0.045 (17.49) 
LSD at 5% 
LSD at 1% 
LSD at 5% 
LSD at 1% 
1.45 
1.94 
0.75 
1.01 
0.101 
0.134 
-
ra
ys
 
+E
M
S 
200Gy+0.1% 4.83±0.71 (51.34) 5.67± 0.48(29.44) 3.14±0.19 (21.69) 0.914±0.048 (18.11) 
200Gy+0.2% 4.66±0.56 (42.06) 5.18±0.61 (40.29) 2.87±0.21 (25.43) 0.888±0.049 (19.26) 
200Gy+0.3% 4.75±0.71 (52.42) 4.83± 0.52(37.26) 2.41±0.32 (45.90) 0.866±0.054 (21.63) 
200Gy+0.4% 4.08±0.52 (44.85) 4.42± 0.48(37.94) 2.07±0.35 (59.34) 0.839±0.056 (23.12) 
LSD at 5% 
LSD at 1% 
1.84 
2.63 
1.41 
1.88 
0.73 
0.97 
0.136 
0.181 
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Table27. Frequency and spectrum of morphological mutants induced by -rays EMS and 
their combination treatments in M2 generation of Coriandrum sativum L. 
 
 
Mutant Type 
 
Karishma Total RD-44 Total 
EMS -
rays 
γ-rays 
+EMS 
EMS -
rays 
γ-rays 
+EMS 
Plant height         
1. Tall 
2. Dwarf  
0.32 
0.26 
0.42 
0.18 
0.14 
0.43 
0.88 
0.87 
0.27 
0.21 
0.33 
0.26 
0.24 
0.40 
0.84 
0.87 
Growth habit         
1. Bushy 
2. Twisted stem 
0.32 
_ 
0.18 
_ 
0.14 
0.21 
0.64 
0.21 
0.27 
0.14 
0.19 
_ 
0.16 
0.24 
0.62 
0.38 
Leaf morphology         
1. Broad 
2. Narrow 
3. Compact 
0.26 
0.19 
0.13 
0.24 
0.18 
0.12 
0.14 
0.36 
0.21 
0.64 
0.73 
0.46 
0.27 
0.19 
0.14 
0.26 
0.19 
0.19 
0.08 
0.32 
0.24 
0.61 
0.70 
0.57 
Flower         
1. Large petals 
2. Small petals 
3. Purple petals 
 growth period 
0.13 
0.26 
_ 
0.18 
0.12 
_ 
0.14 
0.21 
0.14 
0.45 
0.59 
0.14 
0.14 
0.21 
0.07 
0.19 
0.13 
_ 
_ 
0.24 
0.24 
0.33 
0.58 
0.31 
1. Late maturity 
2. Early maturity  
0.19 
0.26 
0.12 
0.24 
0.36 
0.14 
0.67 
0.64 
0.27 
0.14 
0.13 
0.33 
0.40 
0.16 
0.80 
0.63 
Seed         
1. Bold 
2. Small 
3. Purple 
0.19 
0.13 
_ 
0.18 
_ 
_ 
0.07 
0.21 
0.07 
0.21 
0.14 
_ 
0.21 
0.14 
_ 
0.26 
0.14 
_ 
0.24 
0.32 
0.24 
0.71 
0.60 
0.24 
Yield         
1. Umbels/plant 
2. Umbellets/umbel 
3. Seeds/umbellet 
0.19 
0.19 
0.26 
0.30 
0.12 
0.24 
0.14 
0.21 
0.14 
0.63 
0.52 
0.64 
0.27 
0.34 
0.21 
0.26 
0.33 
0.19 
0.24 
0.16 
0.24 
0.77 
0.83 
0.64 
Total 3.28 2.84 3.46 9.56 3.49 3.38 4.16 11.03 
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T Table 28. Total pooled frequency and spectrum of morphological mutants by -rays EMS and their combination treatments in M2 generation of 
Coriandrum sativum L. 
Mutagen/ Variety Morphological Mutant Type (%) Total 
Plant 
height 
Growth 
habbit 
Leaf 
morphology 
Flower 
morphology 
Growth 
period 
Seed 
morphology 
Yield 
 
Mutagen basis (Mutagen Pooled Over Varieties) 
EMS 1.06 0.73 1.18 0.81 0.86 0.67 1.46 6.75 
 -rays 1.19 0.37 1.2 0.62 0.82 0.58 1.44 6.22 
 -rays+ EMS 1.21 0.75 1.35 0.97 1.06 1.15 1.13 7.62 
Total 3.46 1.85 3.71 2.4 2.74 2.4 4.03 20.59 
 
Variety basis (Variety Pooled Over Treatments) 
Karishma 1.75 0.85 1.83 1.18 1.31 0.85 1.79 9.56 
RD-44 1.71 1.00 1.88 1.22 1.43 1.55 1.24 11.03 
Total 3.46 1.85 3.71 2.4 2.74 2.4 4.03 20.59 
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Graph-16. Effects of EMS on seed germination (%) in M2 generation of 
Coriandrum sativum L. 
 
 
Graph-17. Effects of gamma rays on seed germination (%) in M2 generation of 
Coriandrum sativum L 
 
Graph-18. Effects of combination treatment  (gamma rays+EMS) on seed 
germination (%) in M2 generation of Coriandrum sativum L 
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Graph-19. Effects of EMS on plant survival (%) in M2 generation of Coriandrum 
sativum L 
 
 
Graph-20. Effects of gamma rays on plant survival (%) in M2 generation of 
Coriandrum sativum L 
 
Graph-21. Effects of combination treatment (gamma rays + EMS) on plant survival 
(%) in M2generation of Coriandrum sativum L. 
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Graph-22. Effects of EMS on pollen fertility (%) in M2 generation of Coriandrum 
sativum L 
 
 
Graph-23. Effects of gamma rays on pollen fertility (%) in M2 generation of 
Coriandrum sativum L. 
 
Graph-24. Effects of combination treatment (gamma rays +EMS) on pollen fertility 
(%) in M2 generation of Coriandrum sativum L 
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Graphs 25. Chlorophyll mutations frequency induced by EMS in Coriandrum sativum 
L. 
 
 
Graphs 26. Chlorophyll mutations frequency induced by gamma rays in Coriandrum 
sativum L. 
 
 
 
Graphs 27. Chlorophyll mutations frequency induced by combination treatment 
(gamma rays+EMS) in Coriandrum sativum L. 
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Graph-28. Frequency of meiotic abnormalities (%) induced by EMS in M2 generation 
of Coriandrum sativum L 
 
 
Graph-29. Frequency of meiotic abnormalities (%) induced by gamma rays in 
M2generation of Coriandrum sativum L. 
 
 
 
Graph-30. Frequency of meiotic abnormalities (%) induced by combination treatment 
of (gamma rays + EMS) in M2 generation of Coriandrum sativum L. 
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Graph-31.  Frequency and spectrum of morphological mutant types in single and 
combined treatments of EMS and gamma rays in Coriandrum sativum L 
 
 
 
Graph-32.. Frequency and spectrum of morphological mutant types in two varieties of 
Coriandrum sativum L  
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4.3 STUDIES IN M3 GENERATION: 
4.3.1 Seed germination 
 In M3 generation percentage of seed germination in control population of var. 
Karishma was 94.40% and 93.60% germination was recorded in var. RD-44. In treated 
populations a dose dependent decrease in seed germination (Graphs 33, 34 & 35) and 
increase in percent inhibition was observed in all the mutagenic treatment either 
separately or in combination. The maximum inhibition was 16.94 in var. Karishma at 
200Gy+0.4% EMS and in var. RD-44 it was 19.44%.  Although seed germination 
continued to decrease in mutagenic treatments in M1, M2 and M3 but considerable 
recovery was found in M3 generation (Tables 29 & 30.) 
4.3.2 Plant survival 
The survival of plants decreased with an increase in concentration of both the 
mutagens in both the verities viz., Karishma and RD-44 (Tables 29 and 30). The 
maximum survival percentage was observed at the lowest concentration and gradually 
decreased in higher concentrations. Maximum lethality 20.78% and 23.63% was recorded 
in combination treatment (200Gy+0.4% EMS) in var. Karishma and RD-44 respectively. 
The pooled mean values indicated that combination treatments were most effective in 
comparison to individual treatment in both the varieties. It was noted that reduction in 
plant survival was less in M3 generation as compared to M1 and M2 generations.  
4.3.3 Pollen ferity 
Pollen fertility in control plant was 93.63% and 94.16% in var. Karishma and RD-44 
respectively. Pollen fertility decreased from 91.40%-75.22% in EMS, 92.26%-80.36% in 
γ-rasy and 88.07%-72-16% in combination treatment in var. Karishma, while in var. RD-
44 it ranged between 90.66%-73.13% in EMS, 92.27-78.07 in γ-rays and 87.32-70.0% in 
combination treatment. In M3 generation pollen sterility was less as compared to M1 and 
M2 generations. However, the order of effectiveness as shown by pooled mean values 
were γ-ray+EMS>EMS>γ-rays, this pattern was similar as in M1 and M2 generations. 
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4.3.4 Cytological observations  
The control plants of both varieties revealed 11 perfect bivalents (2n=22) at 
diakinesis and metaphase-I which showed equal segregation (11:11) at anaphase-I. 
Telophase-I, metaphase-II, anaphase-II and telophase-II stages were normal and produced 
normal tetrads. However, various chromosomal aberrations were seen in treated 
population. The frequency of meiotic aberrations was low as compared to M1 and M2 
generations. The meiotic studies showed almost similar types of chromosomal aberrations 
in both the varieties but the frequencies of these chromosomal aberrations were different 
(Tables 31 & 32 and Graphs 42, 43 & 44), the total frequency of meiotic aberrations in 
each dose/concentration at different stages of meiosis is presented in table 33. Total 
frequency of meiotic aberrations revealed that var. RD-44 was more sensitive and showed 
more frequency of cytological aberrations than var. Karishma in M3 generation. 
I. Chromosomal aberrations at metaphase I and II 
The dominant chromosomal aberrations at metaphase I/II were univalents, 
multivalents, stickiness, precocious separation, stray bivalents and non-
synchronization   
1. Univalents  
 The univalents were observed at the metaphase I in almost all the treatments in 
both the varieties (except at 100Gy γ-rays in var. Karishma). The frequency of PMCs 
showing univalents ranged from 0.26%-0.57% (EMS), 0.26%-0.82% (γ-rays) and 
0.25%-0.79% (γ-rays + EMS) in var. Karishma whereas, the frequency of PMCs 
showing univalents ranged from 0.25%-0.77% (EMS), 0.25%-0.54% (γ-rays) and 
0.26%-0.80 % (γ-rays + EMS) in var. RD-44. The maximum frequency of PMCs with 
univalents was recorded at the highest dose/concentration of each individual as well 
as in combination treatments in both the varieties.  
2. Multivalents 
 Multivalents were observed in the form of trivalents, tetravalent and 
hexavalents were observed at metaphase I in the treated populations in both the 
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varieties. The multivalents showed dose dependent increase in almost all the 
individual as well as combined treatments in both the varieties except in some lower 
dose/concentrations. The frequency of PMCs showing multivalents ranged from 
0.27%-0.57% (EMS), 0.26%-0.55% (γ-rays) and 0.26%-0.79% (γ-rays + EMS) in var. 
Karishma, while this range was 0.27%-0.77% (EMS), 0.26%-0.54% (γ-rays) and 
0.26-1.07% (γ-rays + EMS) in var. RD-44. The combination treatments showed 
higher frequency of PMCs with multivalents than the individual mutagenic 
treatments. Moreover, the highest dose/ concentration of each individual and 
combination treatments showed the higher frequency of PMCs with multivalents in 
both the varieties. 
3. Stickiness  
 Stickiness or clumping of chromosomes at metaphase I/II was the most 
common meiotic aberration. Chromosomes were clumped together either in one or in 
different groups. The frequency of PMCs showing stickiness ranged from 0.26%-
0.86% (EMS), 0.24%-0.55% (γ-rays) and 0.50%-1.06% (γ-rays + EMS) in var. 
Karishma, while the frequency of PMCs showing stickiness ranged from 0.51%-
1.02% (EMS), 0.25%-0.81% (γ-rays) and 0.53%-1.07% (γ-rays + EMS) in var. RD-
44. The combination treatments showed more frequency of PMCs with stickiness than 
the individual mutagenic treatments. Moreover, the highest dose/concentration of 
each individual and combination treatment showed the higher frequency of PMCs 
with stickiness in both the varieties. The total frequency of PMCs with stickiness was 
higher in var. RD-44 than var. Karishma. 
4. Precocious separation 
 Precocious separation at metaphase I/II was one of the most common 
cytological aberrations. The frequency of PMCs showing precocious separation 
ranged from 0.27%-0.57% (EMS), 0.24%-0.55% (γ-rays) and 0.25%-0.79% (γ-rays + 
EMS) in var. Karishma, while this range was 0.27%-0.77% (EMS), 0.26%-0.54% (γ-
rays) and 0.26%-0.80% (γ-rays + EMS) in var. RD-44. Total frequency of PMCs with 
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precocious separation was more in combination treatment than the individual 
mutagenic treatments.  
5. Stray bivalent  
 Stray bivalents were observed in all the mutagenic treatments except 100Gy in 
both the varieties. The frequency of PMCs with stray bivalents ranged from 0.25%-
0.57% (EMS), 0.26%-0.55% (γ-rays) and 0.25%-0.79% (γ-rays + EMS) in var. 
Karishma, while it ranged from 0.25%-0.77% (EMS), 0.26%-0.81% (γ-rays) and 
0.65%-0.80% (γ-rays + EMS) in var. RD-44. The highest dose/concentration of each 
individual as well as combination treatment induced the highest frequency of PMCs 
with stray bivalents in both the varieties. 
 6. Non-synchronization 
 None synchronization was observed in almost all the treatments with a few 
exceptions in lower doses/concentration in both varieties. The frequency of PMCs 
with non-synchronization ranged from 0.26%-0.57% (EMS), 0.26%-0.55% (γ-rays) 
and 0.26%-0.79% (gamma-rays + EMS) in var. Karishma, while this range was 
0.26%-0.77% (EMS), 0.26%-0.54% (γ-rays) and 0.26% - 0.80% (γ-rays + EMS) in 
var. RD-44. The combination treatments induced more frequency of PMCs with non-
synchronization than the individual mutagenic treatments. The highest 
dose/concentration of each individual and combination treatment induced highest 
frequency of PMCs with non-synchronization in both the varieties.  
II. Chromosomal aberrations at anaphase I and II 
 The dominant chromosomal aberrations at anaphase I/II were laggards, 
bridges and unequal separation of chromosomes. 
1. Laggards 
 Laggards were observed in all the treatments in both the varieties. These 
laggards were present either as univalents or as whole bivalents at anaphase I/II. The 
frequency of PMCs with laggards ranged from 0.26%-0.86% (EMS), 0.24%-82% (γ-
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rays) and 0.50%-1.06% (γ-rays + EMS) in var. Karishma, while in var. RD-44 it 
ranged from 0.25%-1.02% (EMS), 0.25%-0.81% (γ-rays) and 0.26%-1.07% (γ-rays + 
EMS). The combination treatments induced more frequency of PMCs with laggards 
than the individual mutagenic treatments. Moreover, dose dependent increase was 
observed in all the mutagenic treatments in both the varieties.  
2. Bridges 
 Single, double and multiple bridges with or without fragments at anaphase 
stages were frequently observed in all the treatments in both the varieties. The highest 
dose/concentration of each individual and combination treatment induced highest 
frequency of PMCs with bridges in both the varieties. The frequency of PMCs with 
bridges ranged from 0.52%-0.86% (EMS), 0.24%-0.82% (γ-rays) and 0.50%-1.06% 
(γ-rays + EMS) in var. Karishma, while, the frequency of PMCs with bridges ranged 
from 0.51-%-1.28% (EMS), 0.25%-0.81% (γ-rays) and 0.53%-1.34% (γ-rays + EMS) 
in var. RD-44.  
3. Unequal separation 
 Unequal separation of chromosomes was noticed in all the treatments in both 
the varieties with a few exceptions in var. Karishma. The chromosomes segregated 
mostly in the ratio of 10:12. The combination treatments showed more frequency of 
PMCs with unequal separation of chromosomes than the individual mutagenic 
treatments. Moreover, a dose dependent increase was observed in all the mutagenic 
treatments in both the varieties. The frequency of PMCs with unequal separation of 
chromosomes ranged from 0.27%-0.57% (EMS), 0.25%-0.55% (γ-rays) and 0.25-
0.79% (γ-rays + EMS) in var. Karishma whereas in var. RD-44 it ranged from 0.25%-
0.77% (EMS), 0.25%-0.54% (γ-rays) and 0.26-0.80% (γ-rays+EMS).  
III. Chromosomal aberrations at telophase I and II 
The most common chromosomal aberrations at telophase-I/II were micronucli, 
disturbed polarity and cytomixis. 
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1. Micronuclei 
 Micronuclei were observed in almost all the treatments with a few exceptions 
(i.e. 0.1%, 0.2% EMS, 100Gy in var. Karishma and 100Gy in var. RD-44) The 
frequency of PMCs with micronuclei ranged from 0.26%-0.57% (EMS), 0.26%-
0.55% (γ-rays) and 0.26%-0.79% (γ-rays + EMS) in var. Karishma,  whereas, it 
ranged from 0.25%-1.02% (EMS), 0.26%-0.81% (γ-rays) and 0.26-1.07% (γ-rays + 
EMS) in var. RD-44. The combination treatments induced more frequency of PMCs 
with micronuclei than the individual mutagenic treatments. 
2. Disturbed polarity 
 Disturbed polarity was observed in almost all the treatments with a few 
exceptions in lower dose/concentrations of mutagenic treatment. However, the 
frequency of PMCs with disturbed polarity was observed more in combination 
treatments than the individual mutagenic treatments in both the varieties. The highest 
dose/concentration of each individual and combination treatment induced highest 
frequency of PMCs with disturbed polarity. The frequency of PMCs showing 
disturbed polarity ranged from 0.27%-0.57% (EMS), 0.26%-0.55% (γ-rays) and 
0.25%-1.06% (γ-rays + EMS) in var. Karishma, while it ranged from 0.25 %-0.77% 
(EMS), 0.25%-0.54% (γ-rays) and 0.26%-0.80% (γ-rays + EMS) in RD-44.  
3. Cytomixis 
 Cytomixis was observed in almost all the mutagenic treatments except at the 
lower concentrations in both varieties. The frequency of cytomixis ranged from 
0.26%-0.86% (EMS), 0.24%-0.55% (γ-rays) and 0.25%-1.03% (γ-rays + EMS) in var. 
Karishma, whereas, this range was 0.27%-0.77% (EMS), 0.26%-0.54% (γ-rays) and 
0.26 -0.80% (γ-rays + EMS) in var. RD-44. The combination treatments induced more 
frequency of PMCs with cytomixis than the individual mutagenic treatments. 
Moreover, the highest dose/concentration of each mutagen induced the highest 
frequency of PMCs with cytomixis in both the varieties.   
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Perusal of the results in Tables 31 and 32 revealed that meiotic aberrations 
increased with the increase in dose/concentration of each mutagen both individually 
as well as in combination in both the varieties. The overall frequency of meiotic 
aberrations at various stages of meiosis indicated that metaphase aberrations were 
more common followed by anaphase and telophase aberrations (Table.33). 
Combination treatments were most effective followed by EMS and gamma-rays in 
inducing maximum frequency of meiotic aberrations in both the varieties. However, 
the frequency of meiotic aberrations was comparatively more in var. RD-44 than in 
var. Karishma. Total frequency of meiotic aberration was less as compared to M1 and 
M2 generation. 
4.3.5 Quantitative characters in M3 generation 
1. Days to flowering and days to maturity  
The mean flowering time significantly reduced in lower dose/concentrations of 
EMS and gamma-rays but at higher concentrations/doses and in combination 
treatments a dose dependent increase was observed. There was a slight earliness in 
days to maturities at lower doses of γ-rays in var. Karishma and lower concentration of 
EMS in var. RD-44. Maximum reduction was 121 days at 0.2% EMS over control 
(125.50 days) while in var. Karishma maximum reduction was 139.42 over control 
(141.50 days) but all the mutagenic treatment showed a significant delay in maturity. 
2. Plant height 
 Plant height was measured at maturity of plant when growth was stopped and 
fruits were matured. Mean values for plant height of var. Karishma was 87.28 it was 
significantly increased (90.87 cm and 88.89 cm) in 100-200Gy gamma-rays. A dose 
dependent reduction in plant height was found in EMS and combination treatments 
while in var. RD-44 average plant height in control was 46.43cm it was significantly 
increased as 50.99 and 47.83 at 0.1% and 0.2% EMS respectively. Lower dose of γ-
rays showed slight increase in plant height but in combination treatment a dose 
dependent decrease was obtained. 
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3. Number of Branch per plant  
mean values for number of branch per plant was 10.75 in var. Karishma which 
significantly increased to 11.0 and 12.67 at lower dose (100Gy and 200Gy 
respectively) of γ-rays  but in EMS and combination treatments a dose dependent 
reduction was observed. In var. RD-44 mean values for number of branches per plant 
was 7.833 which significantly increased to 9.97 and 10.25 branches per plant at 0.1% 
and 0.2% EMS. At lower dose of γ-rays slight increase was observed but in 
combination treatment there was a dose dependent reduction in mean values of 
branches per plant. 
4. Umbels per plant, umbellets per umbel and number of seeds per umbellet 
 All these parameter contribute yield of a plant. Lower doses of γ-rays showed 
significant increase in yield parameter and slight increase were also noticed at lower 
concentration of EMS in var. Karishma.  But in var. RD-44 lower concentration EMS 
showed significant increase in yield contributing traits. In combination treatment a 
dose dependent reduction was obtained in both verities (Table 34 and 35) 
5. Yield per plant and 100-seed weight  
Mean values for yield per plant was 4.49g in var. Karishma. It was significantly 
increased to 5.35 and 6.69 at lower doses (100Gy and 200Gy respectively) of γ-rays 
and slight increase was also noticed in lower concentration of EMS. In var. RD-44 
average yield per plant was 3.22g it was significantly increase as 4.42g and 4.64g in 
0.1% and 0.2% EMS. A slight increase was also noticed at lower dose of γ-rays but 
there was a dose dependent reduction in combination treatment of both varieties. 
There was a dose dependent reduction in 100-seed weight with a few exceptions 
in lower doses/concentration of individual mutagenic treatment. 100-seed weight in 
control plant of var. Karishma was  1.16g it increase as 1.19g and 1.17g while in var. 
RD-44 mean values for 100 seed weight  was 0.99g in control plant  it increased to 
1.01g at 0.1% EMS and 1.007g at γ-rays  
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In general, lower doses/concentrations of individual mutagenic treatment of 
EMS and γ-rays were found to be more effective for inducing genetic variability in 
coriander.  In var. Karishma lower doses of γ-rays showed better effect while in var. 
RD-44 lower concentration of EMS was more effective for yield contributing traits. 
Combination treatment and higher doses /concentrations of individual mutagen 
showed a negative impact on yield contributing trait (Tables-34 and 35) 
4.3.6 Screening of desirable mutants in M3 generations 
Some high yielding plants which were distinctly superior over others with 
respect to yield and other desirable characters were selected from M2 generation and 
grown for M3 generation. Some of these mutants were morphologically quite distinct 
while the others were more or less similar to their respective control. These mutants 
were also statistically evaluated for nine quantitative characters viz., days to 
flowering, plant height (cm), days to maturity, number of branches per plant, number 
of umbels per plants, no of umbellets  per umbel, number of seeds per umbellet, 100-
seed weight (g) and total yield per plant (g) (Tables 36 & 37). Descriptions of these 
mutants isolated on the bases of their desirable character in M3 generation are given in 
table 39.  Essential oil percentage and percentage linalool in its content were also 
estimated and presented in table 38 (Chromatogram fig. 1-9) 
4.3.6.1 Isolated mutants of var. Karishma 
Kr-a: These mutants were isolated from the population treated with 0.1% EMS. 
Mutant was characterized by their tall nature and the mean height of these mutants 
was 108.33 cm while that of control var.87.89 cm (Plate-IX). These mutants were 
high yielding, and showed slightly bold seed. These mutants produced maximum 
essential oil (0.82%) and in its contents linalool was 73.37% which was more than 
control (Fig.3).  
Kr-b:  such mutants were isolated from the population treated with 0.2% EMS. 
Mutants showed early in flowering and were slightly taller than their controls. These 
mutants were high yielding and showed significant increase in number of umbel/plant 
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and number of branches per plant ((Plate-X). But seed were comparatively smaller 
than their controls. Essential oil content was 0.57% and linalool in its content was 
29.27% (Fig-4). 
Kr-c:  These mutants were isolated from the population treated with 100Gy 
gamma  rays of var. Karishma. Such mutants were taller and busy in nature showed 
significant increase in yield contributing traits (Plate-XI). The average height of these 
mutants was 100 cm and showed maximum number of branches and number of per 
umbels in comparison to control plant and other isolated mutants. Seed yield per plant 
was significantly higher (7.01g), essential oil was 0.46% but linalool in its content 
was maximum (86.94%) as compared to control and other isolated mutants (Fig-5). 
 Kr–d: these mutants were isolated from the population treated with 200Gy 
gamma rays.  These mutants showed early flowering and maturing compared to 
controls.  The seed color of these mutants was purple (Plate-XII).  The mutants 0.55% 
essential oil, while linalool in its essential oil was 32.22% which was lower than the 
control and others isolated mutants (fig. 6) 
Kr-e: Such mutants were isolated from the population treated with 200 
Gy+0.1%EMS (Plate-XIII). The mutants were late flowering and late maturing. The 
mutants were dwarf in size and had broad leaves. Essential oil was low (0.19%)  
4.3.6.2 Isolated mutant of var. RD-44 
RD-a: such mutants were isolated from the population treated with 0.1% EMS. 
Mutants were tall and high yielding as compared to their control and other selected 
mutant (Plate-XV). Seed size of such mutants was small. These mutants produced 
maximum essential oil (0.76%) and linalool in its content was 29.70 % (fig. 8). 
RD-b: These mutants were isolated from 0.2 % EMS treated population.  
Mutants were early flowering and early maturing and showed dwarf stature (Plate-
XVI). Leaves of such mutants were highly pinnate and compactly arranged. 
Appearance of such mutants was very beautiful look like an ornamental plant. 
Essential oil was low (0.25%) as compared to their controls.  
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RD-c:  These mutants were isolated from the population treated with 100Gy 
gamma rays. Mutants were tall in nature and showed bold seeds as compared to 
control (Plate-XVII). Essential oil was 0.65% and in its content linalool was 91.82 % 
(fig. 9) 
 
 
Fig.1: GLC Chromatogram of standard linalool 
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Fig.2: GLC Chromatogram of essential oil (control var. Karishma) 
 
 
 
 
Fig. 3 GLC Chromatogram of essential oil (Isolated Mutant- Kr-a) 
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Fig. 4 GLC Chromatogram of essential oil (Isolated Mutant- Kr-b) 
 
 
 
Fig. 5 GLC Chromatogram of essential oil (Isolated Mutant- Kr-c) 
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Fig. 6 GLC Chromatogram of essential oil (Isolated Mutant- Kr-d) 
 
 
 
Fig. 7. GLC Chromatogram of essential oil (control var. RD-44) 
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Fig. 8 GLC Chromatogram of essential oil (Isolated Mutant- RD-a) 
 
 
 
 
 
 
Fig. 9 GLC Chromatogram of essential oil (Isolated Mutant- RD-c) 
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Table 29:  Effect of EMS, γ-rays and their combination treatments on seed germination, plant survival and pollen fertility in M3 
generation of Coriandrum sativum L. var. Karishma 
Treatment Germination 
(%) 
Inhibition 
(%) 
 Plant survival 
(%) 
Lethality (%) Pollen fertility 
(%) 
Reduction (%) 
 Control 94.40   95.79  93.63  
E
M
S 
0.1% 91.00 3.60  92.11 3.84 91.40 2.38 
0.2% 88.60 6.14  89.44 6.62 87.81 6.21 
0.3% 84.40 10.59  84.11 12.19 82.98 11.37 
0.4% 80.20 15.04  80.34 16.12 75.22 19.66 
Pooled mean 86.05 8.84  86.50 9.69 84.35 9.91 
γ-
ra
ys
 
100Gy 92.60 1.91  93.88 1.99 92.26 1.46 
200Gy 90.40 4.23  90.50 5.50 89.08 4.85 
300Gy 86.40 8.47  84.64 8.51 85.22 8.98 
400Gy 82.00 13.13  83.68 12.64 80.36 14.17 
Pooled mean 87.85 6.94  88.18 7.16 86.73 7.37 
γ-
ra
ys
 +
 E
M
S 200Gy+0.1% 88.20 6.57  90.53 5.49 88.07 5.93 
200Gy+0.2% 84.00 11.02  85.50 10.79 83.18 111.16 
200Gy+0.3% 80.60 114.61  80.54 15.92 79.44 15.16 
200Gy+0.4% 78.40 16.94  75.88 20.78 72.16 22.93 
Pooled mean 
82.80 37.29  83.11 13.25 80.71 38.79 
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Table 30:  Effect of EMS, γ-rays and their combination treatments on seed germination, plant survival and pollen fertility in 
M3 generation of Coriandrum sativum L. var. RD-44 
Treatment Germination 
(%) 
Inhibition 
(%) 
 Plant survival 
(%) 
Lethality (%) Pollen 
fertility (%) 
Reduction (%) 
 Control 93.60   92.74  94.16  
EM
S 
0.1% 89.20 4.70  89.22 3.79 90.66 3.71 
0.2% 86.40 7.69  85.09 8.24 86.04 8.62 
0.3% 81.40 13.03  79.51 14.26 78.97 16.13 
0.4% 78.80 15.81  75.17 18.94 73.13 22.47 
Pooled 
mean 
83.95 10.31  82.25 11.30 82.20 12.73 
γ-
ra
ys
 
100Gy 91.40 2.35  91.15 1.71 92.27 2.00 
200Gy 88.60 5.34  87.21 5.96 89.33 5.12 
300Gy 84.20 10.04  83.78 9.66 84.37 10.39 
400Gy 80.60 13.88  78.36 15.50 78.07 17.08 
Pooled mean 86.20 7.90  85.13 8.21 86.01 08.65 
γ-
ra
ys
 +
 E
M
S 
200Gy+0.1% 85.60 8.54  87.38 5.77 87.32 7.26 
200Gy+0.2% 80.00 14.53  83.48 9.98 83.33 11.50 
200Gy+0.3% 77.40 17.30  76.16 17.87 79.66 15.39 
200Gy+0.4% 74.40 19.44  71.36 23.53 70.01 25.64 
Pooled 
mean 
79.35 14.95  79.59 14.29 80.08 14.95 
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Table 31 : Frequency of meiotic aberrations induced by EMS, γ-rays and their combination treatments in M3  generation of 
Coriandrum sativum L. var. Karishma 
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C
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is 
Control 320 - - - - - - - - - - - -  
EM
S 
0.10% 380 0.26 - 0.26 - 0.26 - 0.26 0.52 - - - 0.26 
1.82 
0.20% 369 0.27 0.27 0.54 0.27 0.27 0.26 0.27 0.54 0.27 - 0.27 0.27 
3.51 
0.30% 376 0.53 0.53 0.79 0.53 0.53 0.53 0.79 0.79 0.53 0.26 0.53 0.53 
6.87 
0.40% 348 0.57 0.57 0.86 0.57 0.57 0.57 0.86 0.86 0.57 0.57 0.57 0.86 8.00 
Total  1.63 1.37 2.45 1.37 1.63 1.37 2.18 2.71 1.37 0.83 1.37 1.92 20.20 
-
ra
ys
 
100Gy 403 - - 0.24 - - - 0.24 0.24 - - - 0.24 0.96 
200Gy 379 0.26 0.26 0.52 0.26 0.26 - 0.26 0.52 0.26 0.26 - 0.26 3.12 
300Gy 384 0.52 0.52 0.52 0.52 0.52 0.26 0.52 0.78 0.52 0.52 0.26 0.52 5.72 
400Gy 
362 0.82 0.55 0.55 0.82 0.55 0.55 0.82 0.82 0.55 0.55 0.55 0.55 
7.68 
Total  1.6 1.33 1.83 1.60 1.07 0.81 1.84 2.36 1.33 1.33 0.81 1.57 17.48 
-
ra
ys
+ 
EM
S 
200Gy+0.1% 
394 0.25 - 0.5 0.25 0.25 - 0.5 0.5 0.25 - 0.25 - 
2.75 
200Gy+0.2% 
371 0.26 0.26 0.53 0.26 0.53 0.26 0.53 0.53 0.26 0.26 0.26 0.26 
4.2 
200Gy+0.3% 384 0.51 0.51 0.77 0.51 0.77 0.51 1.03 0.77 0.51 0.51 0.79 0.77 7.96 
200Gy+0.4% 376 0.79 0.79 1.06 0.79 0.79 0.79 1.06 1.06 0.79 0.79 1.06 1.03 10.8 
Total  1.81 1.56 2.86 1.81 2.34 1.56 3.12 2.86 1.81 1.56 2.36 2.06 25.71 
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Table 32  : Frequency of meiotic aberrations induced by EMS, γ-rays and their combination treatments in M3 generation of Coriandrum 
sativum L. var. RD-44 
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C
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Control 375 - - - - - - - - - - - -  
EM
S 
0.10% 395 0.25 - 0.51  0.25 - 0.25 0.51 0.25 0.25 0.25 - 2.52 
0.20% 368 0.27 0.27 0.54 0.27 0.27 - 0.54 0.54 0.27 0.54 0.27 0.27 4.05 
0.30% 375 0.53 0.80 0.80 0.53 0.53 0.26 0.80 0.80 0.54 0.80 0.53 0.53 7.45 
0.40% 389 0.77 0.77 1.02 0.77 0.77 0.77 1.02 1.28 0.77 1.02 0.77 0.77 10.50 
Total  1.82 1.84 2.87 1.57 1.82 1.03 2.61 3.13 1.83 2.61 1.82 1.57 24.52 
-
ra
ys
 
100Gy 399 0.25 - 0.25 - - - 0.25 0.25 0.25 - - - 1.25 
200Gy 371 0.26 - 0.26 0.26 0.26 - 0.53 0.53 0.26 0.26 0.26 - 2.88 
300Gy 383 0.54 0.26 0.52 0.52 0.52 0.26 0.78 0.78 0.52 0.52 0.52 0.26 6.00 
400Gy 367 0.54 0.54 0.81 0.54 0.81 0.54 0.81 0.81 0.54 0.81 0.54 0.54 7.83 
Total  1.59 0.80 1.84 1.32 1.59 0.80 2.37 2.37 1.57 1.59 1.32 0.80 17.96 
-
ra
ys
+ 
EM
S 
200Gy+0.1% 375 0.26 - 0.53 0.26 0.26 - 0.26 0.53 0.26 0.26 0.26 - 2.88 
200Gy+0.2% 381 0.26 0.26 0.78 0.52 0.26 0.26 0.78 0.78 0.52 0.52 0.52 0.26 5.72 
200Gy+0.3% 368 0.54 0.81 0.81 0.54 0.54 0.27 0.81 1.08 0.54 0.81 0.54 0.54 7.83 
200Gy+0.4% 372 0.80 1.07 1.07 0.80 0.80 0.80 1.07 1.34 0.80 1.07 0.80 0.80 11.22 
Total  1.86 2.14 3.19 2.12 1.86 1.33 2.92 3.73 2.12 2.66 2.12 1.60 27.65 
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Table 33. Comparison of total frequencies of meiotic aberrations induced by EMS, γ-rays and their combination treatments at different stages of 
meiosis in var. Karishma and var. RD-44. in M3 generation of Coriandrum sativum L 
Treatment Var.  Karishma Total %  of 
abnomalities 
Var. RD-44 Total %  of 
abnormalities 
Metaphase Anaphase Telophase Metaphase Anaphase Telophase 
Control         
EM
S 
0.1% 0.78 0.78 0.26 1.82 1.01 1.01 0.50 2.52 
0.2% 1.88 1.08 0.54 3.51 1.62 1.35 1.08 4.05 
0.3% 3.44 2.11 1.32 6.87 3.45 2.14 1.86 7.45 
0.4% 
3.71 2.29 2.00 8.00 4.87 3.07 2.56 10.5 
Total 9.82 6.26 4.12 20.20 10.95 7.57 6.00 24.52 
-
ra
ys
 100Gy 
0.24 0.48 0.24 0.96 0.50 0.75 - 1.25 
200Gy 1.56 1.04 0.52 3.12 1.04 1.32 0.52 2.88 
300Gy 2.86 1.82 1.3 5.72 2.62 2.08 1.30 6.00 
400Gy 3.84 2.19 1.65 7.68 3.78 2.16 1.89 7.83 
Total 8.24 5.53 3.98 17.48 7.94 6.31 3.71 17.96 
-
ra
ys
 +
 E
M
S 200Gy+0.1% 1.25 1.25 0.25 2.75 1.31 1.05 0.52 2.88 
200Gy+0.2% 2.1 1.32 0.78 4.2 2.34 2.08 1.30 5.72 
200Gy+0.3% 3.58 2.31 2.07 7.96 3.51 2.43 1.89 7.83 
200Gy+0.4% 5.01 2.91 2.88 10.8 5.34 3.21 2.67 11.22 
Total  11.94 7.79 5.98 25.71 12.5 8.77 6.38 27.65 
Results 
 
 
 
143
Table Continued .......... 
 
Table 34: Estimates of Mean values ( X ) and coefficient of variation (CV) for different quantitative characters in M3 generation of 
Coriandrum sativum L. Var. Karishma. 
 
Treatments 
Days to flowering Plant height Days to maturity Branches /plant Umbels /plant 
X  ± S.E (CV %) X  ± S.E (CV %) X  ± S.E (CV %) X  ± S.E (CV %) X  ± S.E (CV %) 
Control 84.08±0.38 (1.56) 87.89±0.45 (1.78) 141.50±0.51 (1.25) 10.75± 0.33 (10.76) 15.96±0.38 (8.24) 
EM
S 
0.1% 85.00±0.49 (2.01) 87.28±0.46 (1.81) 143.83±0.66 (1.59) 10.58±0.36 (11.72) 16.33±0.39( 8.39) 
0.2% 87.16±0.55 (2.18) 85.72±0.52 (2.09) 144.58±0.68 (1.63) 10.17±0.39 (13.15) 16.92±0.54 (11.12 
0.3% 88.00±0.59 (2.32) 84.08±0.55 (2.26) 146.17±0.73 (1.72) 09.75±0.42 (15.23) 15.42±0.72 (16.23 
0.4% 90.92±0.78 (2.48) 82.86±0.57 (2.39) 148.58±0.80 (1.87) 09.33±0.45 (16.68) 14.92± 0.75 (17.49) 
LSD at 5% 
LSD at 1% 
1.62 
2.16 
1.44 
1.92 
1.93 
2.56 
1.10 
1.48 
1.64 
3.08 
-
ra
ys
 
100Gy 82.00±0.35 (1.47) 90.87±0.45 (1.71) 139.42±0.69 (1.71) 11.00±0.37 (11.63) 18.00± 0.54 (10.32) 
200Gy 84.67±0.39 (1.62) 88.89±0.47 (1.84) 140.00±0.70 (1.72) 12.67±0.39 (10.82) 20.83± 0.61 (10.20) 
300Gy 86.83±0.45 (1.82) 85.05±0.57 (2.31) 145.00±0.74 (1.76) 10.08±0.39 (13.67) 15.42± 0.71 (15.99) 
400Gy 
87.24±0.63 (2.49) 83.72±0.61 (2.53) 147.08± 0.87 (2.04) 9.75±0.44 (15.84) 15.08± 0.95 (21.79) 
LSD at 5% 
LSD at 1% 
1.28 
1.7 
1.46 
1.94 
2.01 
2.67 
1.10 
1.46 
1.88 
2.50 
-
ra
ys
 +
EM
S 200Gy+0.1% 86.00±0.51 (2.04)) 85.43± 0.46 (1.86) 144.50±0.62 (1.48) 10.42±0..37 (12.58) 15.75± 0.64 (14.10) 
200Gy+0.2% 87.92±0.63 (2.49) 83.35±0.57 (2.37) 145.33±0.76 (1.81) 10.08±0.38 (13.00) 15.33± 0.68 (15.13) 
200Gy+0.3% 89.17±0.77 (2.98) 82.09±0.62 (2.62) 147.50±0.84 (1.97) 09.67±0.41 (14.84) 14.92± 0.84 (19 48) 
200Gy+0.4% 
91.00±0.78 (2.96) 80.05±0.71 (3.06) 150.50±0.89 (2.05) 09.17±0.47 (17.91) 14.42± 0.87 (21.01) 
LSD at 5% 
LSD at 1% 
1.79 
2.38 
1.62 
2.15 
2.09 
2.78 
1.13 
1.49 
1.99 
  2.65 
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Table 34 Continued.................... 
Treatments Umbellets /umbel No of seeds/umbellet Seed yield /plant  
(g) 
100 seed weight  (g) 
X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) 
Control 5.87±0.56 (33.93) 5.83±0.29 (17.65) 4.49±0.11 (8.28) 1.162±0.029 (8.64) 
EM
S 
0.1% 6.00±0.44 (25.62) 5.88±0.37 (21.55) 4.52±0.21 (15.20) 1.129±0.036 (11.24) 
0.2% 5.75±0.59  (35.65) 5.50±0.51 (27.44) 4.97±0.26 (18.40) 1.085±0.039 (12.42) 
0.3% 5.50±0.53 (33.34) 5.41±0.43 (27.78) 4.09±0.29 (24.70) 1.048±0.039 (13.15) 
0.4% 5.17±0.51 (33.85) 4.83±0.32 (23.07 3.69±0.29 (27.40) 1.018±0.044 (14.84) 
LSD at 5% 
LSD at 1% 
1.98 
1.49 
1.12 
1.49 
0.69 
0.91 
0.107 
0.142 
-
ra
ys
 
100Gy 7.17±0.67 (32.48) 6.33±0.43 (23.63) 5.35±0.13 (8.69) 1.141±0.031 (10.32) 
200Gy 6.92±0.73 (36.69) 9.00±0.47 (20.63) 6.69±0.19 (9.83) 1.203±0.032 (9.19) 
300Gy 
5.58±0.53  (32.81 5.58±0.39 (24.69) 4.15±0.23 (19.41) 1.069±0.033 10.60) 
400Gy 5.33±0.58 (37.78) 5.08± 0.26 (15.43) 3.83±0.27 (24.76) 1.023±0.035 (11.85) 
LSD at 5% 
LSD at 1% 
1.75 
2.32 
 
1.08 
1.43 
0.56 
0.74 
0.09 
0.119 
-
ra
ys
 +
EM
S 200Gy+0.1% 5.58±0.60  (37.78) 5.67±0.44 (27.47) 4.27±0.16 (13.09) 1.108±0.039 (12.33) 
200Gy+0.2% 5.42±0.70 (44.84) 5.25±0.57 (38.20) 3.94±0.19 (16.56) 1.070±0.045 (14.42) 
200Gy+0.3% 5.17±0.64 (42.73) 4.92±0.54 (38.25) 3.49±0.23 (22.55) 1.045±0.051 (17.00) 
200Gy+0.4% 
4.92±0.58  (41.23) 4.67±0.56 (41.20) 3.04± 0.25 (28.26) 0.996±0.055(10.09) 
LSD at 5% 
LSD at 1% 
1.77 
2.35 
1.40 
1.86 
0.55 
0.73 
0.126 
0.167 
Results 
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Table Continued .................... 
Table 35: Estimates of Mean values ( X ) and Coefficient of variation (CV) for different quantitative characters in M3 generation of 
Coriandrum sativum L. Var. RD-44. 
 
Treatments 
Days to flowering Plant height Days to maturity Branches /plant Umbels/plant 
X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) 
Control 66.25±0.35 (1.89) 46.43±0.27 (2.01) 124.50±0.31 (0.87) 7.83±0.29 (13.15) 11.75±0.52 (15.45) 
EM
S 
0.1% 69.66±0.45 (2.23) 50.99±0.31 (2.15) 123.25±0.35 (0.98) 9.97±0.31 (11.09) 15.08±0.65 (14.81) 
0.2% 71.33±0.47 (2.26) 47.83±0.37 (2.70) 121.50±0.38 (1.07) 10.25±0.33 (11.10) 13.66±0.70 (17.74) 
0.3% 74.17±0.56 (2.62) 44.21±0.44 (3.47) 131.08±0.42 (1.09) 7.00±0.37 (18.27) 11.25±0.55 (17.00) 
0.4% 76.00±0.39 (1.77) 41.69±0.50 (4.18) 132.83±0.55 (1.43) 6.58±0.47 (24.62) 10.83±0.52 (16.63) 
LSD at 5% 
LSD at 1% 
1.27 
1.69 
1.10 
1.47 
1.16 
1.54 
1.02 
1.35 
1.,67 
2.23 
-
ra
ys
 
100Gy 
65.50±0.39 (2.13) 48.01±0.46 (3.34) 124.17±0.37 (1.02) 8.00±0.33 (14.10) 12.33±0.73 (20.55) 
200Gy 
67.00±0.46 (2.38) 46.96±0.54 (3.97) 125.58±0.42 (1.14) 7.92±0.34 (14.71) 11.58±0.84 (25.20) 
300Gy 
65.17±0.44 (2.34) 45.56±0.59 (4.54) 127.33±0.54 (1.46) 7.42±0.38 (17.67) 11.33±0.82  (25.06) 
400Gy 66.83±0.47 (2.45) 43.89±0.63 (4.93) 128.83±0.58 (1.54) 6.92±0.42 (20.86) 10.83±0.87 (28.34) 
LSD at 5% 
LSD at 1% 
1.21 
1.61 
1.46 
1.93 
1.28 
1.71 
1.00 
1.33 
2.18 
2.89 
-
ra
ys
 +
EM
S 200Gy+0.1% 
68.67±0.57 (2.86) 44.52±0.58 (4.47) 128.42±0.69 (1.86) 7.33±0.31 (14.63) 11.42±0.84 (25.33) 
200Gy+0.2% 69.42±0.62 (3.09) 43.09±0.63 (5.06) 131.00±0.65 (1.78) 7.00±0.41 (20.20) 11.00±0.67 (20.87) 
200Gy+0.3% 
72.17±0.65 (3.17) 41.53±0.62 (5.30) 134.42±0.73 (1.88) 6.67±0.43 (22.45) 10.67±0.82 (26.91) 
200Gy+0.4% 
73.92±0.72 (3.38) 40.05±0.67 (5.83) 135.25±0.97 (2.48) 6.33±0.49 (27.20) 10.25±0.75 (25.34) 
LSD at 5% 
LSD at 1% 
1.69 
1.24 
1.62 
2.15 
1.99 
2.64 
1.12 
1.49 
2.07 
2.75 
Results 
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Table 35 Continued ................................... 
 
Treatments 
Umbellets /umbel No of seeds/umbellet Seed yield /plant  (g) 100 seed weight  (g) 
X  ± S.E (CV%) X ± S.E (CV%) X  ± S.E (CV%) X  ± S.E (CV%) 
Control 5.25±0.43 (28.28) 5.75± 0.51 (30.69) 3.22±0.18 (19.04) 0.990±0.029 (10.42 
EM
S 
0.1% 6.83±0.39 (20.19) 11.00±0.59 (18.59) 4.42±0.22 (15.00) 0.958±0.038 (13.85) 
0.2% 7.67±0.48 (21.77) 9.25±0.64 (24.01) 4.64±0.26 (19.55) 1.014±0.049 (16.66) 
0.3% 4.92±0.26 (18.3) 5.66±0.51 (31.32) 2.38±0.19 (28.86) 0.886±0.052 (20.17) 
0.4% 4.75±0.51 (37.15) 5.33±0.61 (39.45) 2.05±0.27 (45.73 0.853±0.058 (23.61) 
LSD at 5% 
LSD at 1% 
1.20 
1.59 
1.62 
2.16 
0.64 
0.86 
0.131 
0.175 
-
ra
ys
 100Gy 
5.92±0.53 (34.35) 6.33±0.48 (26.36) 3.29±0.21 (21.67) 1.013±0.032 (11.19) 
200Gy 5.33±0.41 (26.92) 5.83±0.42 (25.15) 3.57±0.25 (24.12 0.978±0.040 (14.24) 
300Gy 5.08±0.59 (40.62) 5.42±0.51 (32.89) 2.88±0.26 (31.34) 0.901±0.049 (19.15) 
400Gy 4.83±0.46 (32.81) 5.17±0.59 ( 39.44) 2.51±0.31 (42.33) 0.879±0.049 (19.39) 
LSD 5% at 
LSD at 1% 
1.39 
1.84 
1.43 
1.91 
0.69 
0.92 
0.116 
0.155 
-
ra
ys
 
+E
M
S 
200Gy+0.1% 5.08±0.43 (25.8) 5.50±0.47 (29.52) 2.82±0.25 (31.07) 0.937±0.047 (17.51) 
200Gy+0.2% 4.83±0.36 (26.21) 4.92±0.67 (47.06) 2.47±0.25 (39.42) 0.899±0.052 (20.05 
200Gy+0.3% 4.33±0.51 (40.96) 4.67±0.54 (40.23) 2.18±0.29 (46.55) 0.859±0.064 (25.86) 
200Gy+0.4% 4.17±0.41 (33.66) 4.25±0.51 (41.53 1.97±0.28 (50.70) 0.829±0.072 (29.98) 
LSD at 5% 
LSD at 1% 
1.22 
1.63 
1.54 
2.05 
0.72 
0.96 
0.155 
0.207 
 
Results 
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Table 36 : Estimates of Mean values ( X ) and Coefficient of variation (CV) for different quantitative characters of mutant in Coriandrum  sativum 
L.  var. Karishma  
 
Mutants 
 
Days to 
flowering 
Plant height Days to 
maturity 
Branches 
/plant 
Umbels/plant Umbellets/umbel No of seeds 
/umbellet 
Yield 
/plant  (g) 
100 seed 
weight  (g) 
X  ± S.E 
(CV %) 
X  ± S.E 
(CV %) 
X  ± S.E 
(CV %) 
X  ± S.E 
(CV %) 
X  ± S.E 
 (CV %) 
X  ± S.E  
(CV %) 
X  ± S.E 
(CV ) 
X  ± S.E 
(CV %) 
X  ± S.E 
(CV %) 
Control 84.08±0.38 
(1.56) 
87.89±0.45 
(1.78) 
141.50±0.51 
(1.25) 
10.75±0.33 
(10.76) 
15.96±0.38 
(8.24) 
5.67±0.56 (33.93) 5.83±0.29 
(17.65) 
4.49±0.11 
(8.28) 
1.162±0.029 
(8.64) 
Kr-a 83.67±0.67 
(1.38) 
108.33±0.38 
(0.61) 
140.33±0.88 
(1.09) 
13.66±0.88 
(11.18) 
23.66±0.66 
(4.88) 
8.28±0.23 
(4.97) 
11.33±0.77 
(11.78) 
5.37±0.15 
(4.86) 
1.288±0.024 
(3.27) 
Kr-b 78.00±0.57 
1.28) 
92.02±0.64 
(1.21) 
139.67±0.33 
(0.71) 
16.67±0.89 
(9.16) 
21.00±0.58 
(4.76) 
6.0±0.57 
(16.66) 
6.53±0.74 
(19.60) 
4.83±0.16 
(5.59) 
1.108±0.019 
(3.048) 
Kr-c 84.00±0.58 
(1.19) 
100.26±0.64 
(1.11) 
144.33±0.67 
(0.79) 
18.67±0.33 
(3.09) 
40.33±0.88 
(3.70) 
7.75±0.25 
(5.59) 
7.85±0.34 
(7.39) 
7.01±0.29 
(7.20) 
1.374±0.021 
(2.65) 
Kr-d 66.17±0.44 
(1.15) 
89.04±0.64 
(0.52) 
118.00±0.57 
(0.84) 
9.00±0.58 
(11.11) 
19.59±0.31 
(2.78) 
5.28±0.16 
(5.13) 
8.73±0.24 
(4.67) 
4.56±0.29 
(10.84) 
1.109±0.044 
(6.88) 
Kr-e 87.33±0.88 
(1.74) 
50.25±0.54 
(1.85) 
153.67±0.67 
(0.74) 
7.67±0.33 
(7.56) 
10.00±0.58 
(10.00) 
 
5.00±0.43 
(14.22) 
7.85±0.31 
(6.74) 
2.48±0.32 
(22.29) 
1.014±0.036 
(6.16) 
LSD at 5% 
LSD at 1% 
1.64 
2.29 
1.43 
1.99 
1.88 
2.59 
1.47 
2.05 
1.68 
2.34 
1.14 
1.59 
1.41 
1.96 
0.73 
1.01 
0.091 
0.127 
Results 
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Table 37 : Estimates of Mean values ( X ) and coefficient of variation (CV) for different quantitative characters of mutant in Coriandrum  sativum 
L.  var. RD-44  
 
Mutants 
 
Days to 
flowering Plant height 
Days to 
maturity 
Branches 
/plant 
Umbels/ 
plant 
Umbellets 
/umbel 
No of 
seeds/umbellet 
Seed yield 
/plant  (g) 
100 seed 
weight  (g) 
X  ± S.E 
(CV %) 
X ± S.E 
(CV%) 
X  ± S.E 
(CV %) 
X  ± S.E 
(CV %) 
X  ± S.E 
(CV %) 
X  ± S.E 
(CV %) 
X  ± S.E (CV 
%) 
X  ± S.E 
(CV %) 
X  ± S.E 
(CV %) 
Control 68.25±0.35 (1.78) 
46.43±0.27 
(2.01) 
125.50±0.31 
(0.86) 
7.83±0.29 
(13.15) 
11.75±0.52 
(15.45) 
5.25±0.43 
(28.28) 
5.75± 0.51 
(30.69) 
3.22±0.18 
(19.04) 
0.990±0.29 
(10.42) 
RD-a 66.33±0.88 (2.30) 
90.44±0.39 
(0.744) 
120.83±0.73 
(1.04) 
11.0±0.58 
(9.09) 
26.33±0.67 
(4.38) 
7.88±0.37 
(8.02) 
8.33±0.66 
(13.86) 
4.53±0.34 
(12.82)) 
0.9683±0.29 
(5.25) 
RD-b 52.00±0.57 (1.92) 
15.37±0.34 
(3.85) 
99.67 ±0.88 
(1.53) 
6.00±0.57 
(16.66) 
7.67 ±0.33 
(7.52) 
5.30±0.30 
(9.91) 
5.01±0.46 
(15.86) 
2.33±0.10 
(7.71) 
0.735±0.38 
(8.92) 
RD-c 64.00±0.57 (1.56) 
75.38 ±0.98 
(2.69) 
122.00±0.58 
(0.81) 
8.99±0.38 
(7.36) 
17.26±0.63 
(6.36) 
4.33±0.19 
(10.82) 
9.52±0.31 
(5.57) 
3.08±0.12 
(6.94) 
1.053±0.33 
(2.55) 
LSD at 5% 
LSD at 1% 
2.12 
3.02 
1.94 
2.76 
2.02 
2.88 
1.37 
1.95 
1.64 
2.32 
0.99 
1.40 
1.49 
2.09 
0.62 
0.88 
0.94 
1.33 
Results 
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Table: 38 Estimate of essential oil in percent (v/w) and % linalool in its content of  isolated mutants. 
 Mutant Essential oil (%) Linalool (%) 
Variety Karishma control 0.41 71.91 
Kr-a 0.82 73.37 
Kr-b 0.57 29.27 
Kr-c 0.46 86.94 
Kr-d 0.55 32.22 
Kr-e 0.22 - 
    
Variety  
RD-44 
Control 0.38 57.99 
RD-a 0.76  29.70 
RD-b 0.25 - 
RD-c 0.65 91.82 
Results 
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Table 39.  Brief description of  mutants  isolated in M3 generation of Coriandrum sativum L.  
Mutant Treatment Salient  feature 
 Variety Karishma control Normal plant height and normal yield. 
Kr-a 0.1 % EMS Vary tall, bold seed and high yielding. 
Kr-b 0.2% EMS Early flowering, small seeded, and high yielding 
Kr-c 100Gy  -rays Tall , bushy, bold seeded  and high yielding 
Kr-d 200Gy  -rays Early maturing, high yielding and purple seeds.  
Kr-e 200 Gy +0.1% EMS Dwarf, broad leaves and small seeded 
 
Variety RD-44 Control  Normal plant height and normal yield, 
RD-a 0.1%EMS Tall and high yielding 
RD-b 0.2%EMS   Dwarf, early maturing, small seeded and pleasant aroma 
RD-c 100 Gy  -rays Tall, bold seeded and broad leaves 
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Graph-33. Effects of EMS on seed germination (%) in M3 generation of Coriandrum 
sativum L. 
 
Graph-34. Effects of gamma rays on seed germination (%) in M3 generation of 
Coriandrum sativum L 
 
 
 
Graph-35. Effects of combination treatment  (gamma rays+EMS) on seed germination 
(%) in M3 generation of Coriandrum sativum L. 
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Graph-36. Effects of EMS on plant survival (%) in M3generation of Coriandrum 
sativum L. 
 
 
Graph-37. Effects of gamma rays on plant survival (%) in M3 generation of 
Coriandrum sativum L. 
 
 
Graph-38. Effects of combination treatment (gamma rays + EMS) on plant survival 
(%) in M3 generation of Coriandrum sativum L. 
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Graph-39. Effects of EMS on pollen fertility (%) in M3 generation of Coriandrum 
sativum L 
 
 
Graph-40. Effects of gamma rays on pollen fertility (%) in M3 generation of 
Coriandrum sativum L 
 
 
 
Graph-41. Effects of combination treatment (gamma rays +EMS) on pollen fertility 
(%) in M3 generation of Coriandrum sativum L 
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Graph-42. Frequency of meiotic abnormalities (%) induced by EMS in M3 generation 
of Coriandrum sativum L 
 
Graph-43. Frequency of meiotic abnormalities (%) induced by gamma rays in 
M3generation of Coriandrum sativum L. 
 
 
Graph-44. Frequency of meiotic abnormalities (%) induced by combination treatment 
of (gamma rays + EMS) in M3 generation of Coriandrum sativum L. 
 
PLATE  I-V (Figs. 1-55) , Representative meiotic features observed in control and mutagen 
treated plants of Coriandrum sativum L. 
 
PLATE- I 
Fig. 1. PMC showing 11 bivalents at diakinesis (Control, var. Karishma ). 
Fig. 2. PMC showing 11 bivalents at diakinesis (Control, var. RD-44 ). 
Fig. 3 PMC showing normal metaphase-I (Control, var.  Karishma,). 
Fig. 4 PMC showing normal metaphase-I (Control, var. RD-44). 
Fig. 5  PMC showing univalents (8II, 6I) at metaphase-I ( Var. Karishma, 0.3). 
Fig. 6 PMC showing multivalents (4II, 2IV 1VI )  at metaphase I (var. RD-44). 
Fig. 7 PMC showing multivalents  with non-orientation at metaphase-I (var. RD-
44). 
Fig. 8  PMC showing multivalents  with non-orientation at metaphase-I (var. 
Karishma). 
Fig. 9 PMC  multivalent with clumping with stickiness at metaphase-I (var. 
Karishma). 
Fig. 10       PMC with stickiness at metaphase-I (var. RD-44). 
Fig. 11       PMC with stickiness at metaphase-I (var. Karishma). 
Fig. 12       PMC with precocious separation at metaphase-I (var. Karishma). 
 
   
PLATE-II 
Fig. 13 PMC showing one stray bivalent at metaphase-I (var. RD-44). 
Fig. 14 PMC showing one stray bivalent at metaphase-I (var. Karishma). 
Fig. 15 PMC showing 11: 11 separation at anaphase-I (Control, var. Karishma). 
Fig. 16 PMC showing 11: 11 separation at anaphase-I (Control, var. RD-44). 
Fig. 17 PMC showing normal telophase-I. (Control, var. RD-44). 
Fig. 18      PMC showing unequal separation (10: 12) at anaphase-I (var. Karishma). 
Fig. 19      PMC showing unequal separation (10: 12) at anaphase-I (var. RD-44). 
Fig. 20 PMC showing laggard at anaphase-I (var. Karishma). 
Fig. 21 PMC showing sticki laggard at anaphase-I. (var. Karishma). 
Fig. 22 PMC showing  laggards with stickiness at anaphase-I. (var. Karishma). 
Fig. 23 PMC showing laggards at anaphase-I. (var. RD-44). 
Fig. 24 PMC showing laggards with stickiness at anaphase-I. (var. RD-44). 
  
   
PLATE-III 
Fig. 25 PMC showing stickiness at anaphase-I. (var. RD-44). 
Fig. 26 PMC showing stickiness with legging fragments at anaphase-I. (var. 
Karishma). 
Fig. 27      PMC showing laggards with stickiness at anaphase-I. (var. RD-44). 
Fig. 28 PMC showing chromatin bridge at anaphase-I (var. Karishma). 
Fig. 29 PMC showing chromatin bridge  at anaphase-I (var. RD-44). 
Fig. 30 PMC showing chromatin bridge  at anaphase-I (var. Karishma). 
Fig. 31 PMC showing double chromatin bridge  at anaphase-I (var. Karishma). 
Fig. 32 PMC showing chromatin bridge at anaphase-I (var. RD-44). 
Fig. 33 PMC showing chromatin bridge with stickiness at anaphase-I  (var. RD-44). 
Fig. 34 PMC showing chromatin bridge with stickiness at anaphase-I (var. 
Karishma). 
Fig. 35 PMC showing double chromatin bridge  with stickiness at anaphase-I (var. 
RD-44). 
Fig. 36 PMC showing broken bridge at anaphase I (var. Karishma). 
 
  
   
PLATE-IV 
Fig. 37 PMC showing normal metaphase-II (control, var. Karishma). 
Fig. 38 PMC showing stickiness at metaphase-II (var. RD-44). 
Fig. 39 PMC showing none-synchronization at metaphase-II (var. RD-44). 
Fig. 40 PMC showing none-synchronization at metaphase-II (var. Karishma). 
Fig. 41 Two PMCs at telophase I showing cytomixis and migration of genetic 
material from one cell to other through cytoplasmic tube (var. Karishma). 
Fig.42. Three PMCs at telophase I showing cytomixis and migration of 
chromosome from one cell to other through cytoplasmic channel (var. RD-
44). 
Fig. 43.  Two PMCs at early telophase-I showing cytomixis and migration of 
chromosome from one cell to other through cytoplasmic channel (var. RD-
44). 
 
  
   
PLATE -V 
Fig. 44 PMC showing normal late anaphase –II (control, var. Karishma). 
Fig. 45 PMC showing highly disturbed anaphase –II (var. RD-44). 
Fig. 46 PMC showing normal telophase –II (control, var. RD-44) 
Fig. 47 PMC showing bridge anaphase II (var. Karishma). 
Fig. 48 PMC showing bridge telophase II (var. RD-44). 
Fig. 49  PMC showing multipolar anaphase II (var. Karishma). 
Fig. 50 PMC showing micro-nuclei at telophase II (var. Karishma). 
Fig. 51  PMC showing normal tetrad (var. RD-44). 
Fig. 52 PMC showing disturbed polarity at telophase II (var. RD-44). 
Fig. 53 PMC showing micro-nuclei with disturbed polarity at telophase II (var. 
Karishma). 
Fig. 54 PMC showing micro-nuclei at telophase II (var. Karishma). 
Fig. 55 PMC showing tripolarity with micro-nuclei  at telophase II (var. RD-44). 
   
PLATE VI &VII: Chlorophyll mutants  isolated from mutagen treated population 
in M2 generation of  Coriandrum sativum L. vars. Karishma and RD-44. 
 
PLATE-VI 
Fig. a   Albina mutant  (var. Karishma). 
Fig. b   Albina mutant  (var. RD-44). 
Fig. c   Xantha mutant (var. Karishma). 
Fig. d   Xantha mutant (var. RD-44). 
Fig. e  Chlorina mutant (var. Karishma). 
Fig.  f  Chlorina mutant (var. RD-44). 
  
   
PLATE- VII 
Fig. a Tigrina mutants (var Karishma) 
Fig. b Tigrina mutants (var Karishma 
Fig. c  Tigrina mutants (var Karishma) 
Fig. d  Tigrina mutant (var. RD-44) 
Fig. e  Tigrina mutant at maturity. (var. Karishma) 
Fig. f   Virisent mutant. (var.RD-44) 
 
  
   
PLATE-VIII-XVII: Control Plants and different types of mutants isolated from 
mutagen treated population in M3 generation  in two varieties of Coriandrum 
sativum L. 
 
 
PLATE-VIII 
 Fig. a  Control plant (var. Karishma) 
Fig. b Inflorescence of control plants. 
Fig. c  Umbel of control plant  
 
 
 
PLATE-IX 
Fig.  a  Mutant ( Kr-a, 0.1 % EMS)  
Fig. b  Inflorescence of mutant (Kr-a). 
Fig. c Umbel of mutant ( Kr-a)  
 
 
PLATE-X 
Fig.  a  Mutant  ( Kr-b, 0.2 %  EMS) 
Fig. b Inflorescence of mutant (Kr-b). 
Fig. c  Umbel of mutant ( Kr-b) 
 
PLATE-XI 
Fig.  a  Mutant  ( Kr-c, 10 kR gamma rays) 
Fig. b  Inflorescence of mutant (Kr-c). 
Fig. c  Umbel of mutant ( Kr-c)  
 
 
PLATE-XII 
Fig.  a  Mutant  ( Kr-d, 20 kR gamma rays) 
Fig. b  Inflorescence of mutant (Kr-d). 
Fig. c  Umbel of mutant ( Kr-d) 
 
PLATE-XIII 
Fig.  a  Mutant  ( Kr-e, 20kR+0.1% EMS) 
Fig. b  Inflorescence of mutant (Kr-e). 
Fig. c  Umbel of mutant ( Kr-e) 
 
 
PLATE-XIV 
 Fig. a  Control plant (var. RD-44). 
Fig. b  Inflorescence of control plant. 
Fig. c  Umbel of control plant. 
 
PLATE-XV 
Fig.  a  Mutant  ( RD-a,  0.1 % EMS) 
Fig. b  Inflorescence of mutant (RD-a)  
Fig. c  Umbel of mutant (RD-a) 
 
 
PLATE-XVI 
Fig.  a  Mutant  ( RD-b,  0.2 %   EMS ). 
Fig. b  Inflorescence of mutant (RD-b). 
Fig. c  Umbel of mutant (RD-b) 
 
 
PLATE-XVII 
Fig.  a  Mutant  ( RD-c, 10 kR  gamma rays)  
Fig. b  Inflorescence of mutant (RD-c). 
Fig. c Umbel of mutant (RD-c) 
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CHAPTER-5 
DISCUSSION 
Induced mutation is an important, handy and quicker tool for making specific 
changes in the genotypes and for enhancing the genetic variability in polygenic traits 
by inducing micro mutations in addition to the visible macro mutations. Mutation 
breeding is an important part of the solution of world’s food crises (Chikelu 2013). It 
is a very efficient tool to the global agriculture community to broaden the adaptability 
of the crops in the face of climatic change, increasing population, raising prices and 
soils that lack fertility or have other major problems” (Lagoda, 2008). Mutation 
breeding finds a special place in the amplification and recreation of genetic variability 
which was lost by too rigid selection or narrow base of germplasm of crop which is 
utilized in selection programme for obtaining desirable improvement. 
  To look up an accelerated generation of variability for a specific character to 
be improved, a mutation breeder has to go through the entire basic event met in the 
methodology to ensure reliable information about the mutagenic sensitivity of 
biological material and the extent of effectiveness and efficiency of a mutagen in 
question. Mutagens vary in their mode of action, effectiveness, efficiency and the 
spectrum of mutations induced. Similarly, genotypes show differential sensitivity 
towards mutagens even at varietal level. Thus, to govern fruitful mutagenesis, 
selection of efficient mutagen and treatment is required as mutagens are the potent 
tool for direct improvement or bringing about certain qualitative and quantitative 
changes in crop plants. The impact of mutagenic treatments is usually measured by 
parameters like seed germination (%), seedling height (cm), plant survival (%), pollen 
fertility (%), chromosomal aberrations in mitosis and meiosis and by determination of 
quantitative characters.  
The present investigation was planned to estimate the extent of induced genetic 
variability for various quantitative traits i.e., days to flowering, number of flowers per 
plants, plant height (cm), days to maturity, number of fertile branches per plant, 
number of umbel per plant, number of umbellets per umbel,  number of seeds per 
umbellet, 100-seed weight (g) and total yield per plant (g) in individual and combined 
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applications of ethyl methane sulphonate (EMS) and gamma rays (-rays). The 
immediate effects of mutagenic treatments were analyzed with respect to seed 
germination (%), seedling height (cm), plant survival (%) at maturity, pollen fertility 
and cytological aberrations in the populations emerging from the treated seeds along 
with controls in the two varieties of Coriandrum sativum viz., var. Karishma and var. 
RD-44. The observations made during the course of present investigation have been 
discussed in this chapter. 
5.1 BIOLOGICAL DAMAGE 
5.1.1 SEED GERMINATION 
 In the present investigation, seed germination was found to be decreased with 
increasing in concentration/ dose of mutagenic treatments. This clearly indicates that 
the mutagens have exerted an inhibitory effect on seed germination. However, based 
on the extent of damage it was found that var. RD-44 was more sensitive than the var. 
Karishma. The adverse effect of  physical and chemical mutagens in different crop 
plants on seed germination have been reported by many workers Kumar & Dubey, 
(1998a) in  Lathyrus sativus L; Agarwal & Ansari (2001) in Vicia faba; Kumar (2005) 
in Coriandrum sativum;, Jabee & Ansari, (2005) in Cicer arietinum ;   Kumar & Rai, 
(2007a) in Zea mays; Siddiqui et al. (2007) and  Jabee et al. (2008) in Trigonella 
foenum-graecum; Khursheed et al., (2008) in Helianthus annuus, Ahmad et al., 
(2009)  in Cichorium intybus;  Chowdhury and Tah (2011); Chowdhury et al., (2012) 
in Dianthus caryophyllus, most of these workers have observed a dose dependent 
reduction in seed germination. Sharma and Swaminathan (1969) in barley attributed 
reduction in germination to change in metabolic condition of cells.  Kleinhofs et al., 
(1978) in barley reported delay in the initiation of metabolism following germination, 
resulting in uniform delay in mitotic activity, seedling growth, and ATP and DNA 
synthesis. Tarar and Dnyansagar (1983) reported in Turnera ulmifolia that inhibitory 
effect of -rays was due to damage to DNA. Reduction in seed germination in 
mutagenic treatments has been explained due to delay or inhibition in physiological 
and biological processes necessary for seed germination which include enzyme 
activity (Kurbone et al., 1979), hormonal imbalance (Chrispeeds and Varner, 1976), 
defective enzyme production (Kumar, 2005) and inhibition of mitotic process 
(Ananthaswamy et al., 1971). However, Amer and Hakeem (1964) attributed it to the 
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activity of endogenous growth regulators, which inhibit the process. The reduction in 
seed germination, following mutagenic treatments may be due to the disturbances in 
the balance between the promoters and inhibitors of seed germination present in seed 
coat (Amen, 1968).  Brock (1965) attributed reduction in germination percentage to 
radiation induced gross chromosomal breakage. The decrease in the seed germination 
percent after mutagenic treatments may be ascribed to the chromosomal aberrations, 
disturbances in DNA and auxin synthesis and to the impaired cell metabolism 
(Kirtane and Dhumal, 2004). In present study inhibition in seed germination caused 
by the EMS, -rays and their combination treatment may be due to chromosomal 
damage which induced disturbance in the formation of protein necessary for cell 
cycle. 
5.1.2 PLANT SURVIVAL 
The percentage of seedling survival was decreased with increase in 
doses/concentration of mutagens. Progressive decrease in the rate of survival of plants 
with an increase in the doses /concentration of physical and chemical mutagens has 
been reported by Jayabalan and Rao (1987a) in Lycopersicon esculentum, Vandana 
and Dubey (1988) in faba bean, Edwin and Reddy (1993) in triticale, Kumar and 
Dubey (1998a,b) in Lathyrus sativus. , Dhamayanthi and Reddy (2000) in chilli, Kalia 
et al., (2001) in wheat, Khursheed et al., (2008) in sunflowe, Aslam et al., (2012) in 
Cichorium intybus L, Chowdhury et al.,( 2012) in Dianthus caryophyllus , Bashir et 
al.,(2013) in Trigonella foenum-graecum Ramesh et al., (2014) in Mulberry and 
Kangarasu et al. (2014) in Manihot esculenta. Decrease in seedling survival may be 
attributed to the series of events occurring at the cellular level which affect the vital 
macromolecules and bring about a physiological imbalance in the cells as a 
consequence of exposure to ionizing radiations and chemical mutagens. Physiological 
imbalance or different types of chromosomal aberrations or both may be the main 
cause as proposed by Rao (1983) for drastic decrease in survival. The reduction in 
plant survival is attributed to cytogenetic damage and physiological disturbances 
(Sato and Gaul, 1967). Srivastava et al., (2011) in wheat suggested the reduction in 
seedling survival due to the hindrance caused by the mutagen on different metabolic 
pathways of the cells. Decrease in survival of plants at maturity is due to rapid 
infusion of chemical mutagens and their ability to produce chromosomal aberrations 
                                                                                                    Discussion 
 
 
 
158
(Swaminathan et al., 1962). In the present study reduction in survival at higher 
mutagenic level may be due to the chromosomal damage leading to mitotic arrest and 
changes in the metabolic activity of the cells. 
5.1.3 POLLEN FERTRILITY  
Pollen fertility is an index of meiotic behaviour of chromosomes. Greater the 
chromosomal abnormalities greater will be the pollen sterility. In the present 
investigation, pollen fertility decreased with the increase in concentration/ doses of 
both the mutagens in both varieties. Similar decrease in pollen fertility was reported 
earlier by Khalatkar and Bhatia 1974, Kumar and Singh (2003) in barley,  Krishna et 
al., (1984) in Rhodes grass,  Jayabalan and Rao (1987) in Lycopersicon esculentum, 
Anis and Wani (1997) in Trigonella foenum-graecum, Khan et al,. (2004) in Cicer 
arietinum, Bhat et al., (2005a) in Vicia faba, Kumar and Rai (2005, 2007) in Glycine 
max and Zea mays, Chowdhury et al., (2012) in Dianthus. According to Reddy and 
Rao (1982) the pollen sterility was the result of inter changes of segments between 
non-homologous chromosomes and considered that the presence of laggards, 
univalents, micronuclei and stickiness were closely associated with pollen sterility.  
Srivastava and Kapoor (2008) reported that spindle related aberrations like tripolarity, 
multipolarity and unorientation may cause the formation of unbalanced and sterile 
gametes affecting the plant fertility.  In the present study chromosomal irregularities 
and disturbances in meiosis caused by the mutagen may lead to imbalance in cell 
division   which may result in increase in pollen sterility.                  
5.1.4 SEEDLING HEIGHT:  
Reduced growth noted  in the  higher doses/ concentrations of mutagen as 
observed in present study have also been reported by many researchers (Bahar and 
Akkaya, 2009 in triticum; Chowdhury et al., 2012 in Dianthu;  Bashir et al.,2013 in 
foenum-graecum and Kangarasu et al., 2014 in Manihot esculenta  ). Reduction in 
plant height  may be attributed to one or more of the following reasons (i) the increase 
in growth promoters, (ii) the sudden increase in metabolic status of seeds at certain 
levels of dose, (iii) the increase in destruction of growth inhibitors, (iv) drop in the 
auxin level or inhibition of auxin synthesis and (v) decline of assimilation mechanism. 
Taking these as the preliminary consideration, different reports are available to 
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explain the reduction in seedling growth. Gray and Scholes (1951), Lea (1955) and 
Rehman and Siddiqui (1998) suggested that it could be due to genetic injury in 
meristematic cells. The more damaged cells would produce only a few cell progeny 
and growth will recur from those cells which are least damaged genetically. The 
reduction in seedling height in the treated populations may be attributed to the 
variation in auxin level (Goud and Nayar, 1968), change in the specific activity of 
quite a few enzymes (Cherry et al., 1962 and Bashir et al., 2013) and physiological 
injury induced in the seeds and seedlings (Ignacimuthu and Babu, 1988). Evans and 
Sparrow (1961) suggested that the chromosomal damage and inhibition of cell 
division are the chief causes of reduced seedling growth. Blixt (1970) opined that the 
inhibition in seedling growth might be due to the gross injury caused at cellular level 
either due to gene controlled biochemical processes or acute chromosomal aberrations 
or both. Thoday (1951) and Evans and Sparrow (1961) opined that the chromosomal 
damage and /or inhibition of cell division were the chief causes of reduced seedling 
growth where as another group of workers believed that inhibition of seedling growth 
may be due to slow rate of cell division, decreased amylase activity and increased 
peroxidase activities (Rao and Rao, 1983; Subba Rao, 1988). Whatever may be the 
cause of reduced seedling growth, the fact remains that chromosomes, which carry 
various genes responsible for life processes and expression, are one of the most 
sensitive organs in the cell, and damage to any part of these vital and tiny organs is 
bound to go a long way to bring about various physiological and metabolic disorders 
which in turn will bring about several morphological and growth abnormalities in the 
plant or plant organs 
A common observation on the biological parameters revealed the greater 
superiority of combination treatments (-rays + EMS) over their individual treatments. 
Greater effectiveness of combination treatments was also reported in munbegan 
(Khalatkar and Bhatia, 1975), in blackgram (Bhamburkar and Bhalla, 1985), in 
chickpea (Bhatnagar, 1984), in Cajanus cajan (Chary and Bhalla, 1988), in Lathyrus 
sativus (Kumar and Dubey, 1998b), in Cicer arietinum (Sharma et al., 2004), in Vicia 
faba L. (Bhat et al., 2006c). The less toxic effects of -rays as compared to EMS is 
probably due to the fact that hard texture of cremocarp  require very high dose/long  
exposure period of radiation to produce more drastic effects. Besides, the increase in 
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sensitivity is dependent on metabolic process. The pre-soaking of seeds, therefore, 
leads to enhancement in sensitivity to chemical mutagens. 
Studies on some biological parameter viz; germination, survival and 
fertility/sterility revealed that much of inhibitory effect were recovered in the second 
generation, although the higher dose /concentration of EMS, -rays and their 
combination treatment still retained the adverse effects. Such a recovery mechanism 
in M2 generation has also been reported by (Katiyar, 1978a; Jayabalan and Rao, 
1987a; Subba Rao, 1988 Chowdhury et al., (2012) and Azad (2013).  
In the present investigation, var. RD-44, showed more biological damage as compared 
to var. Karishma, showing its greater sensitivity to mutagens. Differential varietal 
responses to different mutagens as observed in the present investigation has been 
reported earlier by many workers (Takagi (1969) in soybean; Nerker, 1970 in Lathyrus 
sativus; Sinha and Godward, 1972 in Macrosperma , Al-Rubeai and Godward, 1981 
in Phaseolus vulgaris, Khan and Goyal 2009 in mungbean and Sasikala and 
Kalaiyarasi 2010 in rice. Kundi et al. (1997) reported differential sensitivity within 
crop and even within genotypes Takagi (1969) irradiated the seeds of some varieties 
of soybean and reported that the differences between the varieties were controlled by 
two major gene rs-1 and rs-2. In present investigation varietal differences observed by 
mutagenic treatment may be due to change at the genetic level as for as the genes 
which were responsible for varietal difference could not be identified at present. The 
sensitivity of a variety depends upon its genetic architecture and the mutagens 
employed. In general, varieties with a large assortment of recessive characters show 
greater sensitivity than the varieties with dominant characters (Blixt, 1970). The 
differential sensitivity of genotypes may be attributed to their metabolic process 
affected in differential manner (John, 1997) or due to seed metabolism and onset of 
DNA synthesis (Shah et al., 2008). The mechanism controlling sensitivity to chemical 
mutagens and X-rays has been reported to be different from those determining 
sensitivity to -rays (Sokolov and Balchunene, 1977). Radio-sensitivity differs in 
different plants and basically the absorption of radiation energy possibly depends on 
the size of the target i.e., greater the size, greater the absorption of radiation energy 
and higher the radio sensitivity of the biological material (Saric et al., 1961). It 
appears that even a single gene difference may induce significant changes in radio-
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sensitivity. Akbar et al. (1965) concluded that differences in radio-sensitivity may be 
due to differences in their recovery process involving enzyme activity. Comparative 
mutagenicity of different mutagens in the two varieties reflects the difference in their 
genome architecture (Goyal and Khan 2009). Genetic differences even though very 
small (as single gene difference) can induce significant changes in the mutagen 
sensitivity which, influence various plant characters.       
5.2. CHLOROPHYL MUTATION 
Chlorophyll mutants have always been utilized in plant breeding due to the 
easily observed phenotype (white yellow or pale green colour due to lack /reduced 
amount of chlorophyll pigments). The frequency of chlorophyll and viable mutants 
observed in M2 generation provide one of the most reliable indices for the assessment 
of genetic effects of mutagenic treatments.  In present investigation five different 
types of chlorophyll mutations were isolated viz., albina, xantha, chlorina, tigrena and 
viresence.  The occurrence of chlorophyll mutation after the treatment with physical 
and chemical mutagens has been reported by many workers in different plants viz., in 
lentil (Sharma and Sharma 1981, Solankin 2005) ; Lathyrus sativus (Das and 
Kundagrai 2000; Ramezani1  and More, 2014); black gram (Singh et al., 1999, Lal et 
al.,2009 ); Nigella sativa ( Mitra and Bhowmik 1999); mungbean (Singh et al. 2000) 
broad bean (Bhat et al., 2007); common bean (Svetleva 2004); Delphinium 
malabaricum (Kolar  et al., 2011). 
Chlorophyll formation in plants is the last result from a long chain of 
biochemical processes where а lot of loci are involved. According to Svetleva (2004) 
nuclear genes control the biogenesis of plastids. Mutations in nuclear genes can 
change genetic resistance of out-nuclear DNA, localized in chloroplasts or in 
mitochondria. According to Goud (1967) chlorophyll development seems to be 
controlled by many genes located on several chromosomes which could be adjacent to 
centromere and proximal segment of chromosome (Swaminathan 1964, 1965b). It 
was noted that chlorophyll mutations increased with an increase in concentration/dose 
of EMS, gamma rays and their combination treatment.  Similar observations were 
reported by Bahl and Gupta (1982) in mung bean;  Venkateswarlu et al. (1988) in  
Catharanthus; Mitra and Bhowmik (1999)  in Nigella; Svetleva (2004) in common 
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bean; Bhat et al. (2005 & 2007) in broad bean; Khan and Tyagi (2013)in Glycine 
max. 
Combination treatment in general induced maximum frequency of chlorophyll 
mutations indicating their greater effectiveness where as EMS proved to be more 
effective than gamma rays. Several workers have reported high mutation frequency in 
different crops with chemical mutagens as compared to physical mutagens (Tripathi 
and Dubey 1992, Kharakwal 1998, Gautam and Mittal 1998 and Singh et al 2000).  
In present study highest frequency of chlorophyll mutation was observed in 
combination treatment as compared to individual mutagen but effect was less than 
additive value. Prasad and Das (1980) concluded that if both mutagens compete for 
the same site, the effects are completely independent of each other. It could be either 
additive or less than additive. According to Girija and Dhanvel (2009) the two 
mutagens acting in a sequence one after another may produce more than the additive 
effect if the site not affected by the first are exposed to the action of second. If the two 
mutagens merely compete for the same site or if there action is independent the result 
obtained will be additive or less then additive. According to Kodym et al. (2012) 
physical and chemical mutagens  have different modes of reaction with plant material. 
Morita et al. (2009) observed that gamma rays produced deletion in DNA and Kodym 
and Afza (2003) observed that alkylating agent interfere with the DNA replication and 
DNA repair mechanism. So the action of both the mutagens is different and 
combination of these two can enhanced the mutation rate and spectrum. . Mutagenic 
treatments with two different combined mutagens have been proposed by many 
researchers as Ando (1970) to increase the effectiveness and efficiency of mutation 
induction, Gautam et al. (1992) observed Synergistic effects for increasing mutation 
frequency in M2 generation, Sharma (1970) observed that combined doses increased 
M1 chlorophyll chimeras and M2 mutation frequency in comparison to that obtained 
with  individual mutagen. 
In the present study, chlorophyll mutation frequency was maximum in var. RD-44 
than var. Karishma indicating its greater sensitivity and response to physical and 
chemical mutagens. Similar varietal sensitivity has been reported in chickpea 
(Kharakwal1998b, Wani and Anis 2004) urd bean (Sing, et al., 1999), grass pea (Das 
and Kundagrami, 2000) and in broad bean (Bhat et al., 2006)  
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5.3. MUTAGENIC EFFECTIVENESS AND EFFICIENCY 
The usefulness of a mutagen in mutation breeding depends not only on its 
mutagenic effectiveness but also on its mutagenic efficiency, efficient mutagenesis 
being production of maximum desirable changes accompanied by the least possible 
undesirable changes. Mutagenic effectiveness is a measure of frequency of mutations 
induced by unit dose of mutagen, whereas, mutagenic efficiency is indicative of 
proportion of mutations as against undesirable biological effects such as gross 
chromosomal aberrations, lethality and sterility (Konzak et al., 1965; Nilan, 1967). 
The selection of effective and efficient mutagens is very essential to recover a high 
frequency and spectrum of desirable mutations (Solanki and Sharma; 1994 and Girija 
and Dhanavel 2009).  
Mutagenic effectiveness and efficiency has been worked out in different plants  
by many workers e.g., lentil (Sharma and Sharma, 1981a), Catharanthus roseus 
(Bhattacharjee et al., 1998), Coriandrum sativum L. (Sengupta and Datta, 1999), 
Vigna mungo L. (Deepalakshmi and Kumar, 2003), Vigna unguiculata L. (Dhanavel 
et al. 2008), Cyamopsis tetragonoloba L. (Dube et al. 2011), Lathyrus sativus L. 
(Tripathy et al., 2012), Trigonella foenum-graecum (Basheer et al.,2013) and Pisum 
sativum L. (Govardhan and Lal  2013)  
In the present investigation effectiveness of the mutagens decreased with 
increase in concentration of mutagens with a few exceptions (where random 
effectiveness was observed). Chemical mutagen (EMS) was found to be more 
effective than physical mutagen (gamma rays). It was also found that the lower 
concentrations of both chemical and physical mutagens were more effective. In var. 
RD-44 combination treatment was more effective than gamma rays.  Prasad (1972) 
and Nerker (1977) studied the effectiveness and efficiency of various mutagens and 
concluded that alkylating agents were more effective and efficient in inducing 
mutations. Furthermore, the lower doses of mutagens were more efficient and 
effective as compared to the higher doses. It was also supported by many workers 
such as Mitra & Bhowmik (1999) in Nigella sativa L., Waghmare & Mehra, (2001) 
Lathyrus sativus L., Singh & Singh (2001) in Vigna radiata L., Sharma et al. (2005) 
in Vigna mungo (L.) Hepper, Khan and Tayagi (2010, 2013) in Glycine max (L.) 
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Merrill. Dube et al. (2011) in Cyamopsis tetragonoloba L., Satpute et al (2012) in 
Glycine max, Mullainathan and  Umavathi (2014) in Cicer arietinum.  
 The decrease in effectiveness with increasing concentrations/dose of mutagen 
has been reported by several authors (Singh, 1973 in urdbean; Satpute and Kothekar, 
1996 in safflower, Mitra and Bhowmik, 1999 in Nigella sativa L; Badere and 
Choudhary, 2007 in Linseed; Dhanavel et al., 2008 in cowpea; Satpute, 2009 in lentil; 
Kumar et al., 2007 in blackgram; Girija and Dhanvel, 2009 in cowpea; Barshile et al., 
2006 and Tariq et al., 2008 in chickpea and Kulthe et al., 2013 in winged bean). 
According to Blixt (1968), effectiveness of any mutagen depends on its dose or 
concentration and specificity to act on genes and genetic make-up of the cultivars. 
The exact mechanism, by which many of these factors influence mutation frequency, 
is not known.  
5.4. CYTOLOGICAL OBSERVATION 
Though, the mutagens have remarkable possibilities of causing variations in 
various qualitative and quantitative characters of plants by altering the genetic 
architecture. Genetic hazards of physical and chemical mutagens are now well known 
and the methods to detect their mutagenic effects have been devised. In this context 
cytological investigations appear rewarding as they deal with the primary genetic 
material, the chromosome, and more appropriately the DNA which controls the 
phenotypes. Cytological analysis with respect to either mitotic or meiotic behaviour is 
considered to be one of the dependable indices to estimate the potency of mutagens. 
Therefore, investigations on disturbances in meiotic behaviour indicating mutational 
genetic load form an integral part of most of the mutation studies. It also provides a 
considerable clue to assess sensitivity of plants for different mutagens, and to 
ascertain the most effective mutagen for a given crop to realize maximum results. 
 Physical and chemical mutagens are known to produce chromosomal 
aberrations leading to abnormal chromosome behaviour during meiosis and 
consequently giving rise varying degree of sterility. Since there are not enough data 
about the effect of these mutagens on the chromosomal behaviours of Coriandrum 
sativum, this study presents the role of EMS, -rays and their combination treatments 
as well as various types of chromosomal aberrations in crop improvement. In the 
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present investigation a vast array of meiotic aberrations were recorded in the plants 
raised from the seeds treated with different concentrations/ doses of EMS, -rays and 
their combination treatments in Coriandrum sativum L. Meiotic aberrations increased 
with an increase in concentration/dose of the mutagens in both the varieties. 
Although, the types of chromosomal aberrations were more or less common in both 
the varieties, the frequency of chromosomal aberrations were comparatively more in 
var. RD-44  indicating its more sensitivity to the mutagens. Combination treatments 
were most effective followed by EMS and -rays in inducing chromosomal 
aberrations. Different types of chromosomal aberrations viz., univalents, multivalents, 
stickiness, stray bivalent, precocious separation and non-synchronization, (at 
metaphase I/II), bridges, laggards and unequal separation (at anaphase I/II) disturbed 
polarity, micronuclei, and cytomixis, (at telophase I/II) as observed in the present 
investigation, have also been reported by many workers in different plants after 
treatments with physical and chemical mutagens, viz. Ahmad and Godward (1981) 
and Ahmad (1993) in chickpea;  Mitra and Bhowmik (1996) in Nigella sativa; Anis 
and Wani (1997) in Trigonella foenum-graecum; Kumar and Dubey(1998) in 
Lathyrus sativus; Dhamyanthi and Reddy (2000) in Capsicum annuum; Kumar and 
Singh (2003) in Hordium vulgare; Bhat et al. (2005) in Vicia faba, Khan and Goyal 
(2009) in Vigna mungo; Alka et al., (2012) in Linum usitatissimum L and Jafri et al., 
(2011); Aslam et al., (2012) in Cichorium intybus L;  Jafri et al., (2013) in 
Coriandrum sativum L; Kamble and Patil (2014) in Cicer. 
Most of these workers have obtained a dose dependent increase in the meiotic 
aberrations and the varietal sensitivity to mutagenic treatments was also reported by 
some workers. Dose dependent increase in the meiotic aberrations was also reported 
by Abbasi and Anis (2002) in Trigonella foenum-graecum; Singh and Gupta (2003) in 
Clitoria ternatea; Singh and Chaudhary (2005) in chilli; Sharma and Kumar (2004) 
and Ganai et al. (2005) Kamble and Patil (2014) in chickpea.  These abnormalities 
were also in agreement with those of Rao and Rao (1983), Anis and Sharma (1997), 
Anis et al. (2000), and Kumar and Srivastava (2001a), Jafri et al., (2012) in Hordeum 
vulgare L, Jafri et al., (2013) in Coriandrum sativum L .  
Univalents were observed at metaphase-I and these were later found as laggards at 
anaphase and telophase stages. The univalents were also reported by Saha and Datta 
(2002) in Negella sativa; Kumar et al. (2003) in Lens culinaris; Sengupta and Datta 
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(2003) in Sesamum indicum L.; Ganai et al. (2005) in chickpea; Bhat et al. (2006a, b) 
in Vicia faba; Kumar and Rai (2006) in Glycine max; Khan et al. (2009), Jafri et al. 
(2011a, b) in Cichorium intybus; Jafri et al., (2012) in Hordeum vulgare and 
Gulfishan et al (2010, 2011 and 2012) in Capsicum annuum.  According to Kumar 
and Rai (2007) univalents may originate from an absence of crossing over at 
pachytene or from desynaptic mutants. Chiasmata are responsible for the maintenance 
of bivalents, which permit normal chromosome segregation.  It seems more likely that 
mutagenic treatments induced univalent formation through cryptic structural changes 
in some of the chromosomes which restricted pairing and in this way reduce chiasma 
frequency (Kalloo, 1972; Datta and Biswas, 1986). Rao and Laxmi (1980) attributed 
univalent formation to the partial and complete lack of homologous chromosomes 
pairing. Further, the disturbances in the pairing mechanism was ascribed to the 
presence of chromosome breakage in the PMCs of plants raised from treated seeds. 
Some of the univalents disjuncted early and presumably this happened due to genic 
differences. Such chromosomal divergences in the form of precocious movement is 
pointed towards structural differentiation of homologous pair (Anis and Wani, 1997). 
Mitra and Bhowmik (1996) reported that non-pairing and early separation of 
chromosomes at meiosis and gene mutation may result in the formation of univalents. 
The chromosomes may fail to pair because of the alternation in linearity of genes in 
them due to translocation and inversion induced by mutagenic treatments so that at 
early prophase homologous chromosomes do not lie side by side. The frequency of 
univalents in M2 generation was decreased as compared to M1 generation and in M3 
generation this frequency was lesser than M2 generation. The occurrence of gradual 
reduction in the frequency of univalent from M1 to M2 andM2 to M3 generation shows 
a trend of abolition of univalents. Similar reduction in frequency of univalents were 
also observed by  Bhat (2007) in Vicia faba L ,  Shahab (2010) in Solanum 
melongena L. 
 Different types of multivalent associations (tri, tetra and chain of bivalents) 
rather more frequent at higher treatments of all the mutagens as observed in the 
present investigation have also been reported in various plants like Trigonella 
foenum-graecum (Abbasi and Anis, 2002), Vicia faba L. (Bhat et al., 2006; Sharma et 
al., 2009; Khan et al., 2010), chickpea (Ganai et al., 2005; Sharma and Kumar, 2004), 
Cichorium intybus (Khan et al., 2009; Jafri et al., 2011a,b) Capsicum annuum 
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(Gulfishan et al., 2010,2011 and2012); Coriandrum sativum  (Jafri et al., 2013); 
Stevia rebaudiana (Parveen and Kumar, 2014) Alterations in the chromosome 
associations which composed of uni, tetra and multivalents were possibly the outcome 
of non or irregular pairing of chromosomes due to translocations (Katiyar, 1978). 
According to Prasad (1965) and Sinha (1967) the formation of multivalents was the 
possible outcome of exchange between non-homologous chromosomes due to 
translocations. Multivalents might have occurred due to chromosomal increases as an 
outcome of deletion resulting from fragmentation of chromosomes (Singh and Gupta, 
2004). Deletion or duplication of genes causing multivalent formation has also been 
reported by Grover and Virk (1986). The occurrence of multivalents demonstrates that 
mutagenesis resulted in structural alternations leading to the rearrangement of 
chromosome. Multivalent formation can be attributed to irregular pairing and 
breakage followed by translocations and inversions (Zeerak, 1991).  
 Stickiness of chromosomes was one of the most common abnormalities 
observed in the present investigation. Chromosomes were found clumped into one, 
two or many groups due to stickiness at metaphase causing difficulty in normal 
disjunction of chromosomes. These results are in agreement with those of Katiyar 
(1978a), Mitra and Bhowmik (1996) in Negella sativa; Sinha and Godward (1972b), 
Tarar and Dnyansagar (1980), Kumar et al. (2003), Kumar and Singh (2003a), Jafri et 
al. (2012) in barley; Bhat et al. (2006), Sharma et al. (2009), Khan et al. (2010) in 
Vicia faba; Sharma et al. (2004), Ganai et al. (2005) in chickpea; Singh and 
Chaudhary (2005), Gulfishan et al. (2011, 2012) in chilli; Jafri et al. (2013) in 
Coriandrum sativum and Kumar and Dwivedi (2013) in Brassica campestris L. who 
also reported stickiness as the most common abnormality and the grouping of 
different bivalents due to stickiness. Stickiness could be due to depolymerisation of 
nucleic acid caused by mutagenic treatments (Tarar and Dnyansagar, 1980) or due to 
partial dissociation of the nucleoproteins and alteration in their pattern of organization 
(Sharma and Mukherjee, 1955; Kumar and Rai, 2007; Evans, 1962). Jayabalan and 
Rao (1987) suggested that stickiness might be due to disturbances in the 
cytochemically balanced reactions. Gaulden (1987) attributed chemically induced 
stickiness to direct action of mutagens on the histone proteins leading to improper 
folding of DNA. In the present case, EMS, -rays and their combination treatments 
seems to be responsible for stickiness, perhaps the target proteins in this case are 
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those responsible for chromosome condensation during active divisional stages. Their 
defective functioning, which may be due to gene mutation or direct action of the 
mutagen on the protein, caused a disturbance in the chromosomes during the course of 
their condensation from prophase I to metaphase I, probably this was the main reason 
that the stickiness was pre-dominant from metaphase I onwards. However, it seems 
most probable that some kinds of gene mutations lead to incorrect coding of some 
non-histone proteins involved in chromosome organization, when affected, these 
proteins lead to chromosome clumping. Stickiness in the chromosomes interferes in 
normal arrangement of chromosomes at metaphase stage and further leads to their 
inability in separation and origin of thick sticky bridges and when the spindle fibres 
pulled the chromosomes towards the poles, these bridges broke into fragments, which 
either moved towards one pole or formed micronuclei. In either case, the daughter 
cells had an unequal distribution of chromatin materials. Similar divisions at the 
second phases of division lead to abnormal microspores tetrads and thus to abnormal 
pollen grains. Such pollen grains were usually non-viable and unable to fertilize the 
egg, leading to low seed set. 
Precocious movement of chromosomes at metaphase I was also a dominant 
abnormality in all the treatments. Roy et al. (1971) in Cucumis sativus, Pagliarini 
(1992) in Pilocarpus pennatifolius; Kumar and Rai (2007) in maize; Bhat et al. 
(2006), Sharma et al. (2009), Khan et al. (2010) in Vicia faba; Singh and Chaudhary 
(2005); Jafri et al. (2012) in barley; Gulfishan et al. (2011, 2012) in chilli; Jafri et al. 
(2013) in Coriandrum sativum, also observed precocious separation of chromosomes 
(one or more univalent or bivalents) at metaphase I. It is probably caused by spindle 
disfunction. According to Kumar and Rai (2007) precocious chromosome migration 
to the poles may have resulted from univalent chromosomes at the end of propahse I 
or precocious chiasma terminalization at diakinesis or metaphase I. 
Stray bivalents may be due to improper spindle function or absence of correct 
spindle attachment, due to which the bivalent unable to arrange at equator during 
metaphase I.  Stray bivalents have also been observed by Bhat et al., (2007); 
Gulfishan et al. (2010); Sharma et al. (2009); Khan et al. (2010) in Vicia faba : (Jafri 
et al., 2012) in Hordeum vulgare L: Gulfishan et al. (2010, 2011, 2012) in Capsicum 
annuum.L and  Jafri et al. (2013) in Coriandrum sativum L. 
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Non-synchronus movement of chromosomes at metaphase II was also observed 
by Kumar et al. (2003) in lentil and Bhat et al.  (2005b) in Vicia faba L. Non 
synchronization may be due to severe disturbance in spindle mechanism (Minija et 
al., 1999). ; Gulfishan et al. (2010, 2011, 2012) in Capsicum annuum.L; Jafri et al. 
(2013) in Coriandrum sativum 
Laggards may be explained on the basis of abnormal spindle formation and 
chromosomal breakage. The laggards observed during the present study might be due 
to delayed terminalization, stickiness of chromosome ends or because of failure of 
chromosomal movement (Jayabalan and Rao, 1987b; Soheir et al. 1989; Permjit and 
Grover, 1985). Schulz-Shaeffer (1980) concluded that lagging chromosomes and their 
presence as univalents may result in aneuploidy. According to Bhattacharjee (1953) 
acentric fragments on laggards may result in the formation of micronuclei at telophase 
II and ultimately variation in number and size of pollen grains resulting from a mother 
cell. Laggards at anaphase have also been observed by Abbasi and Anis (2002) in 
fenugreek, Ganai et al. (2005) in chickpea, Kumar and Rai (2007) in maize, Khan et 
al. (2010) in Vicia faba, Sharma et al. (2004) and Ganai et al. (2005) in chickpea and 
Singh and Chaudhary (2005): Gulfishan et al. (2011, 2012) in chilli, Jafri et al. (2013) 
in Coriandrum sativum. Laggards may arise by breakage or faulty spindle resulting 
into imbalanced daughter nuclei and micronuclei (Singh and Chaudhary, 2005). 
Presence of laggards may be attributed to the inability of multivalents to separate 
properly (Ganai et al., 2005). 
Bridges with or without fragments at anaphase stages were frequently observed 
in the present investigation. The bridges with or without fragment were also observed 
in many other plants like cotton (Sheidai and Koobaz, 2003), chickpea (Ganai et al., 
2005), fenugreek (Abbasi and Anis, 2002), maize (Kumar and Rai, 2007), chilli 
(Singh and Chaudhary, 2005; Gulfishan et al., 2011 and 2012), soybean (Kumar and 
Rai, 2005), Vicia faba (Khan et al., 2010) Coriandrum sativum (Jafri et al. (2013). 
Sax (1960) and Saylar and Smith (1966) suggested that the formation of chromatin 
bridges might be due to the failure of chiasmata in bivalents to terminalise and the 
chromosomes get stretched between the poles. Bhatterjee (1953) attributed bridge 
formation to interlocking of bivalent chromosomes. The occurrence of breaks at the 
same locus and their lateral fusion leads to the formation of dicentric chromosome 
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which is pulled equally to both the poles forming a bridge (Anis et al., 1998; Abbasi 
and Anis, 2002). Bridges often break as the dyads move further apart in the late 
anaphase, sometimes leaving an acentric fragment in the cytoplasm. The fragments 
are seen during meiosis II as micronuclei which do not condense along with 
remaining chromosomes. The presence of chromosome bridges without fragments 
may be due to restitution or the fragments getting entangled or attached with normal 
chromatids of chromosomes (Tarar and Dnyansagar, 1980). Moreover, PMCs with a 
single bridge without acentric fragment at anaphase I was formed by two sister 
chromatids of a broken chromosome which has undergone fusion during interphase at 
the time of duplication (McClintock, 1938). In the present study, bridge formation 
may be attributed to the general stickiness of chromosomes at metaphase stage or 
breakage and reunion of chromosomes. The present findings are in agreement with 
the earlier results of Jayabalan and Rao (1987) in tomato, Kumar and Rai (2007) in 
maize and Mitra and Bhowmik (1998) in Nigella sativa, Gaul (1964) attributed 
anaphasic bridge in barley to the fusion between two centromere bearing chromosome 
fragments. 
Unequal separation of chromosomes as observed in the present investigation 
may be due to failure of chromosomes to reach their poles. Sinha and Godward 
(1972a) attributed the unequal distribution to the occurrence of multivalents and 
failure of chromosomes to segregate equally. This may be due to spindle disfunction 
caused by mutagens (Nerkar, 1977; Singh et al., 1989 and Grover and Virk, 1986; 
Mitra and Bhowmik, 1996). According to Kumar and Singh (2003), random 
movement of univalents to any one of the poles leads to the unequal separation of 
chromosomes. Stickiness of the chromosomes may also result in the unequal 
distribution of chromosomes in the daughter nuclei (Anis and Wani, 1997). It was 
also reported by Sharma and Kumar (2004) and Ganai et al. (2005) in chickpea; 
Abbasi and Anis (2002) in fenugreek; Singh and Gupta (2004) in Clitoria ternatea; 
Kumar and Rai (2007) in maize; Bhat et al. (2007), Gulfishan et al. (2010) ),  Sharma 
et al. (2009); Khan et al. (2010) in Vicia faba;  (Jafri et al. 2012) in Hordeum vulgare 
L; Gulfishan et al. (2010, 2011, 2012) in Capsicum annuum.L; Jafri et al. (2013) in 
Coriandrum sativum L.  
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Disturbed Polarity at anaphase and telophose stages seen in the present case 
may be due to spindle disturbances. Disturbed polarity was also reported by Abbasi 
and Anis (2002) and Bhat et al., (2006) in fenugreek; Kumar and Rai (2007) in maiz; 
Sharma et al. (2009), Gulfishan et al. (2010) ), Khan et al. (2010) in Vicia faba; Jafri 
et al. (2012) in barley; Gulfishan et al. (2012) in Capsicum annuum.L; Jafri et al. 
(2013) in Coriandrum sativum L. 
 Micronuclei as observed in the present study at telophase II generally arose 
from fragments and lagging chromosomes which failed to reach the poles and get 
included in the daughter nuclei (Kumar and Dubey, 1998b). Laxmi et al. (1975) and 
Bhatterjee (1953) suggested that irregular distribution of acentric fragments or 
laggards results in the formation of micronuclei at telophase resulting in variation in 
number and size of pollen grains obtained from the pollen mother cell. Micronuclei at 
dyad or tetrad stage of PMCs in mutagen treated population might have resulted due 
to non-orientation of chromosomes and laggards since they were of frequent 
occurrence. Micronuclei lead to the loss of genetic material. Their presence, therefore, 
suggested that the resultant product of meiotic division is deficient in one or the other 
chromosome. This usually leads to the formation of sterile pollen grains. The presence 
of micronuclei at telophase II is also reported by Singh and Gupta (2004) in Clitoria 
ternate; Kumar and Rai (2007) in maize;  Ganai et al. (2005) in chickpea; Abbasi and 
Anis (2002) in fenugreek; Gulfishan et al. (2010), Sharma et al. (2009), Khan et al. 
(2010) in Vicia faba; (Jafri et al., 2012) in Hordeum vulgare L; 
Chromatin transfer from cell to cell or the connection between cells through 
cytoplasmic channels revealed the occurrence of cytomixis, these channels probably 
originated in the form of small projections that by elongating would touch another 
cell. The cell wall may dissolve at the point of contact forming a passage for 
chromatin or chromosome transfer (Maria et al., 1997). According to sheidai et al., 
(2006) the plasmodesmata become completely obstructed by the deposition of callose 
but in some cases they still persist during meiosis and increase in size, forming 
conspicuous inter-meiocyte connection or cytomictic channels that permit the transfer 
of chromosomes. Cytomixis has also been reported more commonly during 
microsporogenesis by several workers (Sudan and Wafai, 1987; Bahal and Tyagi, 
1988; Kaul, 1990, Yen et al., 1993; Kumar and Sharma, 2002; Haroun et al., 2004; 
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Bhat et al., 2006, Sen and Bhattacharya, 1988; Seijo, 1996; Nirmala and Kaul, 1994 
Kumar and Rai, 2007, Kumar and Naseem 2013, Jafri et al., 2012 & 2013). The 
migration of chromatin materials from one PMC to other was unidirectional i.e., from 
donor to a recipient cell. It was also reported by Gattschalk (1970). The probable 
causes of cytomixis are fixation effects (Haroun, 1995), physiological control (Bell, 
1964; Bahl and Tyagi, 1988), changes in gene control (Omara, 1976), formation of 
the cell wall during premeiotic division (Kamra, 1960), action of chemical agents 
such as colchicine and EMS (Sinha, 1988), changes in the biochemical process that 
involves microsprogenesis, modifying the micro-environment of affected anthers 
(Koul, 1990), effect of gamma radiation results in an imbalanced sterile genetic 
system (Amma et al., 1990).temperature (Narain, 1979) and environment stress and 
pollution (Haroun et al., 2004). Cytomixis between and among different stages of 
meiosis have also been reported by Maria de Souza and Pagliarini (1997) in Centella 
asiatica. Trans-migration of chromatin material might result in alteration in number of 
chromosomes in the cells. It is considered to be a source of production of aneuploids 
and polyploid gametes (Omara, 1976; Sheidai et al., 1993, 1999; Kaul, 1990 and Yen 
et al., 1993). In the phenomenon of cytomixis two or more pollen mother cells at the 
same phase of division are usually involved. Zheng et al. (1987) correlated cytomixis 
with different genotypic modifications. Soodan and Wafai (1987) presumed the 
involvement of specific genes for cytomixis which express only under particular 
environmental conditions. Cytomixis have also been reported in chickpea (Ganai et 
al., 2005), fenugreek (Abbasi and Anis, 2002), rapeseed (Sheidai et al., 2005), 
spearmint (Tyagi, 2003) Ocimum basilicum L. and Withania somnifera L. (Datta et 
al., 2005) and Hordeum vulgare L. (Jafri et al., 2012); Coriandrum sativum L. (Jafri 
et al., 2013) 
Comparative mutagenecity of EMS, -rays and their combination treatments in 
two varieties viz. Karishma and RD-44 of coriander reflects the differences in their 
genome architecture,. Thus, it can be inferred that mutagenecity is ultimately 
determined by genome itself. Khamankar (1984) working with Lycopersicon 
esculentum reported that the rate of mutagenecity was different with different 
mutagens at certain loci. Some of the gene loci affected by one mutagen were not 
necessarily affected by the other. 
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 Intervarietal differences in the radiosensitivity have also been reported by 
many workers (Evans and Sparrow, 1961; Sparrow and Evans, 1961; Ahmad and 
Godward, 1981, Bhat et al., 2005 and Takagi 1969). These differences were attributed 
by the differences in cell volume, nuclear volume, chromosome volume and DNA 
amount and presence of protective or sensitizing substances.  Most of the workers 
have in general concluded that -rays were more effective than the chemical mutagens 
in causing chromosomal abnormalities. However, in the present study the frequency 
of aberrations was greater in combination treatments than the individual ones, it is 
therefore, concluded that EMS too is able to induce a sufficient amount of meiotic 
aberrations. Among different stages of meiosis, the frequency of meiotic aberrations 
was maximum at metaphase stage as compared to anaphase and telophase stages in 
the present study. Similar observations were reported by Mitra and Bhowmik (1996) 
in Nigella sativa, Kumar and Dubey (1998c) in Lathyrus sativus L. and Bhat et al. 
(2006a, b) and Khan et al., 2010 in Vicia faba L. The frequencies of chromosomal 
aberrations were higher in M1 generation but gradually decreased in subsequent 
generations due to ceasing toxic effect of mutagens as well as DNA repair 
mechanism. 
 According to Morita et al. (2009) gamma rays induced mutation was deletion and 
Naito et al. (2005) observed that some mutants showed full fertility even though 
carried large deletion around the GL-1 locus and these mutants were transmitted only 
heterozyguosly. But the small deletion was transmittable normally. In present 
investigation cytological aberrations observed in M2 generation showed that mutation 
is transmissible but the percent frequency of chromosomal aberrations decreased from 
M1 to M2  and M2 – M3 generations  which represent the occurrence of stability in 
mutated genotype from  M1 to M3 generation  in Coriandrum sativum L. Similar 
reduction of chromosomal aberration in subsequent generation were also observed by 
Bhat (2007) in Vicia faba L ,  Shahab (2010) in Solanum melongena L and Khan 
(2010) in Cichorium intybus L. 
5.5 MORPHOLOGICAL MUTATIONS: 
The useful variability is a pre-requisite for crop improvement. Therefore, the 
first step in any breeding program would be the search for such variability. 
Mutagenesis has proved to be the handy tool to enhance the natural mutational rate, 
                                                                                                    Discussion 
 
 
 
174
thereby enlarging the genetic variability and increasing the scope for obtaining 
desired selections. The present investigation proved fruitful in inducing a range of 
morphological mutations by mutagenesis. Although most of them proved 
uneconomical, nevertheless some mutations possess desirable plant architecture 
recorded in the present study and can be used as a source of many beneficial genes in 
cross breeding programmes or for the improvement of many components of yield. In 
the present investigation the morphological mutations affecting different parts of the 
plant, were isolated by careful screening of M2 population. These mutants included 
changes in plant height (tall, dwarf), growth habit (bushy), leaf size (broad &small 
leaf), seed size (bold and small), seed colour (purple) and yield parameters (increased 
number of fertile branches, umbel per plant, number of umbellets per umbel and 
number of seeds per umbellet). Similar changes were observed by Datta and Sengupta 
(2002) in Coriandrum sativum L; Khan et al. (2006) in green gram; Wani and Anis 
(2008) in Cicer arietinum L; Talukdar D. (2011) in Lathyrus sativus L; Tshilenge-
Lukanda et al. (2013) in Arachis hypogaea L; Animasaun et al. (2014) in Digitaria 
exilis.                                                          
The frequency of morphological mutants, isolated in M2 generation was 
different among different mutagen treated population and also between the two 
varieties, thereby suggesting that the varieties responded differently to the doses and 
the type of mutagens employed. Based on frequency of morphological mutations var. 
RD-44 was proved to be the more mutable variety than var. Karishma. In both the 
varieties, the combined treatments produced maximum mutation frequency followed 
by EMS and gamma rays. EMS induced higher frequency of morphological mutations 
than gamma rays. This is in agreement with earlier reports (Tyagi and Gupta, 1991; 
Tripathi and Dubey, 1992; Solanki and Sharma, 1999). Gvozdenovic et al., 2009 in 
helianthus annuus found that all genotypes produced a wide range of responses to 
different mutagens. According to Wright (1956) any character of an organism is 
affected by all the genes in a genome. Tyagi and Gupta (1991) reported that each gene 
which is of agronomic interest can mutate, hence a wide spectrum of viable mutants 
can be expected in mutation experiments.  The progenies of tall, dwarf, bushy and 
bold seeded mutants bred true for the altered traits in M3 generation.  Several workers 
have reported that mutant types like tall, dwarf, bushy and leaf types were monogenic 
recessive (Jana, 1963; Sharma and Sharma, 1979; Reddy and Gupta, 1988; 
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Satyanarayana et al., 1989; Singh et al., 1999; Talukdar, 2009). Konzak et al. (1969) 
in wheat and Shakkor et al. (1978) in triticale reported that semi dwarf character was 
under control of polygenes. Qin et al. (2008) reported a dominant dwarf mutation, 
controlled by a single dominant gene in rice. The induction of promising micro 
mutations in polygenic system, controlling the quantitative character is important for 
crop improvement. Qualitative characters are easily detectable, phenotypically 
visible in individual plants and are qualitatively inherited. These characters are 
monogenic or oligogenic, means governed by single gene (Girija et al., 2013). 
Quantitative mutations are more important for direct use in plant breeding as 
compared to the qualitative mutation (Gaul et al., 1969).  From the work already 
reported by several authors (Bhatia and Swaminathan, 1962; Gaul, 1965; Chaturvedi 
and Singh, 1980, Khan, 1984; Sharma 1986) especially in self pollinated crops, it is 
quite clear that polygenic mutation have resulted considerable variability in mutagen 
treated populations.   
 
5.6 QUANTITATIVE CHARACTERS:  
The degree of success in the genetic improvement of particular traits in crop 
plants depend on the magnitude of genetic variability and breeding methodology 
adopted. In some early studies on the use of mutations for improvement of 
quantitative traits, it was found that the traits differ in their response to the mutagenic 
treatments. Variance level may be less responsive in one trait and highly responsive in 
other (Kaul and Kumar, 1983; Sharma, 1995; Khan and Wani, 2006, Gvozdenovic et 
al., 2009, Wani 2011). Moreover, the direction of polygenic mutations depends on the 
genotypic background of the material under study (Loesch, 1964). In the present 
investigation data on nine quantitative traits viz., days to flowering, plant height (cm), 
days to maturity, number of branches per plant, number of umbel per plants, number 
of umbellets per umbel, number of seeds per umbellet, 100-seed weight (g) and total 
yield per plant (g) were analyzed to assess the extent of induced variability in M1, M2 
and M3 generation of two varieties of coriander. In the present investigation mean 
shifted in both positive and negative direction for all quantitative traits. Lower and 
intermediate dose treatment showed positive effect while higher doses showed 
decreasing effect from control. In case of days to maturity and days to flowering 
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reverse was true. Most quantitative traits have a complex genetic determination 
involving large number of genes interacting with one another, consequently, variation 
in both the directions is expected. The results of the present study,  showed that 
induced mutations are random, bi-directional and the direction of the mutation 
depends upon the genotype/character under study and the dose applied. Enlargement 
in range of variability for yield and yield components such as number of fertile 
branches, number of umbel per plant ,umbellets per umbel, seeds per umbellet and 
100-seed weight for the two varieties viz., Karishma and RD-44 of coriander in M1, 
M2 and M3 generations is indicative of the wider scope for selection. 
Mean height of plants generally decreased with the increasing concentrations of 
mutagens, but it was found that in lower concentrations of EMS it increased 
significantly over control in M1 as well as in successive generations. EMS showed 
maximum retarding effect on plant height in M1, M2 and M3 generations than gamma 
rays. Decrease in mean values of plant height followed by mutagenic treatments as 
observed in present study have also been reported by workers such as Nabipour et al., 
(2004)in Helianthus; Jabeen and Mirza, (2004)in Capsicum; Das et al., (2004)in 
Vigna; Stamo et al., (2007)in Triticum; Omar et al., (2008) in Capsicum etc.  Goud 
and Nayar (1968), Jain and Agarwal (1993) and Choudhary et al. (2012) in 
TriIgonella. Reduction in the plant height may be due to the chromosomal damage 
and/or inhibition of cell division. Bansal et al. (1967) attributed reduction in height to 
the shortening of internodes. Accoring to Ansari and Siddiqui (1996) uneven damage 
to meristematic cells as a result of genetic injuries and physiological disturbances also 
causes reduction in seedling and plant growth. Tarar and Dnyansagar (1980) 
demonstrated that growth depression might be due to inhibition of auxin synthesis. 
Stimulating effect of low concentrations of mutagen on plant growth may be due to 
stimulation of cell division or cell elongation, alteration of metabolic processes that 
affect synthesis of phytohormones or nucleic acids. Tabassum, (2002) reported that 
the chromosomes carrying various genes responsible for the life process and 
expression are one of the most sensitive elements and the damage to any part of these 
vital and tiny elements are bound to go a long way to bring about several 
morphological and growth abnormalities in the plant or plant parts.. 
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Moreover, the average height in the lower concentrations/doses of EMS and 
gamma rays in M1, M2 and M3 generations increased significantly over control 
showing the enhancing effect. Similar enhancing effects have also been reported by 
Anis and Wani, (1997) in Trigonella, Sawan et al., (2000) in Gossypium, Jabeen, 
(2002) in Cicer. Increase in plant height at lower concentration may be due to 
production of hormone like auxin responsible to increase in plant height. 
Flowering and maturing time increased with an increase in dose/concentration 
of gamma rays and EMS treatment. However, lower dose of both mutagens showed 
significant earliness in successive generations in both the varieties (Singh et al. 2000). 
Reduction in flowering and maturity time after mutagenic treatments has also been 
reported by different workers (Singh et al., 2000b; Waghmare and Mehra, 2000; 
Jabeen and Mirza, 2002, 2004; Patil 2009; Kozgar and Khan, 2009; 
Dhakshanamoorthy et al., 2010; Sonone et al., 2010; Aslam et al., 2012). Kaul 
(1980b) suggested that the mutation of two dominant genes to their recessive forms 
makes for an early flowering in pea. Early flowering observed in present study might 
be due to physiological changes in production of hormones responsible for flowering 
and late flowering/maturity in present study was observed at higher concentrations 
might be due low production of hormones required for flowering and maturing. This 
is in favour of earlier work by Tripathi et al., (1975) in pigeon pea, Kothekar and 
Kothekar (1992) in moth bean, Panchbhaye (1997) in sunflower, Jayakumar and 
Selvaraj (2003) in sunflower, Manjaya and Nandanvar (2007) and Tambe (2009) in 
soybean and khursheed et al. (2009) in Halianthus annuss As higher yield has been 
the prime objective in most of the plant breeding programs, main interests of a plant 
breeders are to improve yield contributing traits such as number of fertile branches 
per plant, number of pods, spike and umbel per plant, number of seeds per 
spike/umbel/pod and weight of 100/1000 seeds, all these trait make direct effect on 
total yield per plant . The number of fertile branches increased in some lower 
concentration / dose may be due to less genetic damage and occurring mutation in a 
gene responsible for branching. However, a significant reduction was observed at 
higher concentration/dose of mutagens. Lower concentration of EMS showed better 
effect in var. Karishma while lower doses of gamma rays showed positive effect in 
var. RD-44. Increase in mean values for number of fertile branches per plant with 
physical and chemical mutagen has also been reported by different researchers, 
                                                                                                    Discussion 
 
 
 
178
Mehetre et al. 1990; Singh et al. 2000: Waghmare and mehra 2000, Manjaya and 
Nandanwar, (2007) and Tambe (2009) in soybean. 
In present study seed yield per plant in M1, M2 and M3 generations decreased 
with the increasing concentration/ doses of EMS and gamma rays but a significant 
increase in seed yield per plant was observed in some lower concentrations and in 
some isolated mutants. Decrease in seed yield may also be directly related to decrease 
in the number of branches, number of umbel per plant and number of seeds per umbel 
due to the toxic effects of mutagens, which generally occurred in higher 
concentrations of mutagens. Reduction in seed yield might have occurred due to 
disturbances in meiosis which affected the frequency of normal microspores and 
megaspores and hence the fruit set was directly affected. The reason for reduction in 
yield in higher concentrations of EMS and gamma rays may be due to high 
disturbance in genome architecture of cell which might have resulted in physiological 
disturbances, chromosomal damage, and failure or restricted pairing, delay in DNA 
synthesis and/or disturbed spindle formation and high pollen sterility. The decreasing 
trend in yield parameters have also been reported as a result of the treatment with 
different kinds of chemicals by various workers, such as Reddy and Rao, (1982), 
Lakshmi et al.,(1988) in Capsicum annuum; Temple, (1990) in Lycopersicon 
esculentum; Zeerak, (1990) in Solanum melongena L.; Maheshwari and Chand, 
(1991) in Hyoscyamus muticus; Jain and Agarwal, (1993) and Choudhary et al., 
(2012) in Trigonella foenum-graecum; Kumar et al., (1993) and Khan et al., (2005a, 
b, 2006a, b) in Vicia faba; Khalil, (2001) in Carum carvi; Tabassum, (2002) in Ammi 
majus; Banu et al., (2005) in Vigna unguiculata; Pavadai and Dhanavel, (2004), 
Karthika and Lakshmi, (2006) in Glycine max; Khursheed et al., (2009) in Helianthus 
annuus etc.  The reason for the increased yield in lower concentrations may be 
attributed to the enhancing effect (Jahagirdar, 1975; Kothekar, 1983) and growth 
regulatory effect of mutagen (Audus, 1961). Increase in yield in lower concentrations 
of mutagen have also been recorded earlier in a number of crops such as triticale 
(Viswanathan et al., 1994), Vicia faba (Vandana & Dubey, 1988 & Khan et al., 
2005a, b, 2006a, b), Lens culinaris (Verma et al., 1999), Triticum aestivum (Kalia et 
al., 2000), Trigonella foenum graecum (Jabee et al., 2007), Helianthus annuus 
(Khursheed et al., 2009), Arachis hypogaea L. (Sonone et al., 2010), Vigna radiata 
and Vigna mungo (Kozgar et al., 2011) Cichorium intybus L. (Aslam et al., 2012).   
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5.7. ISOLATED MUTANTS:  
The seeds from the mutants observed in M2 generation were grown in M3 
generation to test their true breeding nature. Different types of mutants in M3 
generation were isolated on the bases of significant differences for most of the traits 
studied in both varieties and mutagens. Most of the mutants derived from var. 
Karishma in M3 generation were significantly higher yielding than the parent and 
some of the mutants revealed significant differences for days to flowering/maturing, 
plant height, and other yield contributing traits. Some mutants showed broad and 
narrow leaves and some had pleasant smell. 
Tall mutants exhibited significant increase in height and increase in number of 
umbel per plant, number of umbellets per umbel and total yield per plant as compared 
to control. Tall mutants with increased number and size of seeds and improved yield 
were isolated in present investigation. Such mutants have also been previously 
reported by Patil and Bawankar, (2000); Begum et al., (1995); Santhoslal and 
Pavithran, (1997); Manjaya and Nandanvar, (2007); Kharkwal, (2000); Kumar et al., 
(2007) and Tambe and Apparao, (2009) Wani (2011). Increase in height in tall 
mutants is apparently due to increase in the number and length of internodes (Jana 
1962).  
The induced dwarfness is definitely a desirable agronomic trait of importance 
because they are lodging resistant and easy to handle by farmers. Significant decrease 
in height is one of the main characteristics of these mutants. Dwarf mutants have also 
been previously reported by Rao and Reddy, (1983); Ravi and Bala, (1983); 
Nadarajan et al., (1985); Dhari and Wadia, (2005); Auti, (2005); Kirtane, (2002), 
Kumar et al., (2007). Reduction in the height of the dwarf mutants is ascribed to 
different reasons by different authors, such as due to shortening of internodes (Bansal 
et al. 1967), inhibition of auxin synthesis (Suss, 1966); genetic loss due to 
chromosomal aberration (Evans and Sparrow, 1961); interference with the synthesis 
of new DNA (Pele and Howard, 1955); delay and loss of proliferation capacity of cell 
and cell death (Evans, 1965); inhibition of phytohormone responsible for normal 
growth (Tarar and Dnyansagar, 1974), destruction of growth, inhibition of the apical 
meristem or partial failure of the internodes to elongate (Rao et al., 1983). Any one or 
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all these factors may be responsible for the observed reduction in plant height in the 
dwarf mutants.  
In the present investigation some mutants showed compact habit, profusely 
branched, bushy in appearance and considerable increase in umbel number and seed 
yield per plant than the control. Similar mutants were also reported by Jain (1976), 
Wanjari (1981) and Rao and Reddy (1983) in pigeonpea and Khan et al. (2005) in 
mungbean. 
Early mutants isolated from var. Karishma matured 10-13 days earlier and  var. 
RD-44 matured 20-30 days earlier than the control. Early maturing mutants isolated in 
var. Karishma showed increase in number of branches per plant, number of umbel per 
plant and seed yield per plant. The early mutants isolated in var. RD-44 were small 
seeded.  Early maturing mutants was reported earlier by Khan and Veeraswamy 
(1974), Chopde (1976), Singh et al., (1974), Rao and Reddy (1983), Rangaswamy 
(1986), Ravikesavan et al., (2001), Dhari and Wadia (2005) and Khan and Goyal 
(2009). 
Seed mutants observed in the present investigation showed variation in size and 
color, some mutants showed bold seeds and some showed purple seeds due to 
anthocianin content. Bold seeded mutants were also reported by Rao and Reddy 
(1983), Singh and  Raghuvanshi (1991) in black gram, Singh (1996) in  Vigna mungo, 
Viswanathan and Reddy (1998), Biradar (2004) and Shinde (2007)  in pigeonpea, 
Wani and Anis (2008) in chickpea, Patil (2009) in cowpea and Talukdar (2011) in 
grasspea. Diffenent seed color mutants have been reported by Chopde (1976), Biradar 
(2004), Shinde (2007) and Patil (2009). Seed shape, size and coat color are said to be 
under the control of polygenes. Disruption of any one of these genes might manifest 
in the form of seed mutations.  Most of these mutants were high yielding and 
produced more seeds (cremocarp) resulting high yield.  According to Singh and 
Ramanujam (1972) gene action was involved in cremocarp yield of coriander. High 
yielding mutants have also been reported by Srivastava and Singh (1996), Pawar and 
Wanjari (1994) in pigeonpea, Auti (2005), Tickoo and Chandra (1999), Kharkwal 
(2000), Singh and Kumar (2005), in mothbean; Manjaya and Nandanvar (2007) and 
Tambe and Apparao (2009) in soybean. 
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5.8. ESSENTIAL OIL OF ISOLATED MUTANTS 
Importance of coriander is mainly due to presence of essential oil and major 
constituent of essential oil composition is Linalool. In the present study essential oil 
percent was estimated only for isolated mutants. According to Shrifah et al., (2013) 
several factors were involved in regulating the essential oil production in aromatic 
plants. Sangwan et al. (2001) have divided the regulator factors into three major 
categories: 1) the biosynthesis pathway of essential oils, 2) plant physiology and 3) 
impact of abiotic stress. In present study change in essential oil may be due to 
chromosome abnormality which may trigger major or minor changes to the plant 
physiology, physical characteristic, and also to the biosynthesis of essential oil. 
Increase as well as decrease in oil content in some mutants has also been 
demonstrated by different researchers in different plants ( Ramachandra et al., 2008 in 
Pogostemon patchouli ; Latif et al.,  2011 in Coriandrum sativum L;  Sharifah et al., 
2014 in Cymbopogon citrates ; Vinutha et al., 2014 in Cymbopogon flexuosus).  
In the present investigation some isolated mutants  possessed desirable plant 
characters such as  increased plant height, increase number of umbel per plant, yield 
per plant, bold seeds, increased essential oil percent and change in content of essential 
oil etc strongly favored the idea that induced mutagenesis is highly useful in selection 
of stable and desirable mutations.  These mutants can be evaluated in future generations 
and after testing their behaviour for 6-7 generation may be released as new varieties.  
Mutagen EMS and gamma rays used in present study are very efficient and effective 
mutagens and may be used for creation of genetic variabilities in Coriandrum 
sativum.  
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SUMMARY AND CONCLUSION 
Coriander (Coriandrum sativum L.) is an important spice and aromatic herb that 
belongs to the family umbelliferae /Apiaceae. It is used in culinary, medicine and its 
green foliage rich in vitamins and other minerals is used in vegetables and salads. 
Seeds contain essential oils rich in linalool. Coriander is cultivated in India for its 
large domestic consumption and bright export potential but the yield potential of this 
crop is generally low and the crops generally also suffer from lack of usable variation 
for important yield traits.  Because of its importance there is need to improve 
coriander variety to get better yield. Mutation breeding has become an important tool 
for the improvement of many crops through the mutation and modification in gene 
structure. The mechanism of mutation induction is that the mutagens break the 
nuclear DNA and during the process of DNA repair mechanism, new mutations occur 
randomly and are heritable. The changes can also occur in cytoplasmic organelles and 
also results in chlorophyll mutations, chromosomal or genomic mutations that enable 
plant breeders to select useful mutants. By induced mutations, mutants with multiple 
traits can be identified.  The foremost objective of plant breeders and geneticists is to 
sustain food and nutrition security and that is why the selection of major crops has 
become crucial for meeting these goals under the existing arable land, and climate 
change.  
The present investigation was carried out to explore the possibility of inducing 
genetic variability for quantitative traits in two varieties (Karishma and RD-44) of 
Coriandrum sativum L. by using gamma rays, EMS and their combination treatments. 
Due to lack of sufficient natural variability, conventional methods of plant breeding 
have a limited scope for coriander improvement. The main objective of this study 
was: 
 To study the effect of  mutagenic treatments on various biological parameters 
such as seed germination, plant survival, pollen fertility, growth, morphology, 
yield etc. in M1, M2 and M3 generations, 
 To investigate the meiotic behaviour of chromosomes after treatments with 
physical and chemical mutagens in M1, M2 and M3 generations, 
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 To study the frequency and spectrum of chlorophyll and morphological 
mutations in M2 generation. 
 To find out the effectiveness and efficiency of gamma rays, and  EMS  in 
inducing mutations in M2 generation, 
 To induce maximum variations, with minimum damage of the plants, for the 
selection of mutants in M2 and M3 generations. 
 To select and maintain the mutants in M3 generation on the basis of 
morphological characters. 
 To find out the essential oil (%) and linalool (%) in its content in selected 
mutants. 
The findings are as follows: 
 The effect of EMS, gamma-rays and their combination treatments on different 
biological parameters viz., seed germination, plant survival, pollen fertility and 
seedling height showed a dose dependent reduction.  Combination treatments 
showed maximum inhibitory effect on various biological parameters in both the 
varieties followed by EMS and gamma-rays. Var. RD-44 was found to be more 
sensitive to the mutagenic treatments than the var. Karishma. Similar trend was 
followed in M2 and M3 generations also but considerable recovery occurred in these 
parameters. 
 Meiotic aberrations increased with the increase in dose/concentration of each 
mutagen both individually as well as in combination in both the varieties. The 
overall frequency of meiotic aberrations at various stages of meiosis indicated that 
metaphase aberrations were more common followed by anaphase and telophase 
aberrations. Combination treatments were most effective followed by EMS and 
gamma-rays in inducing maximum frequency of meiotic aberrations in both the 
varieties. However, the frequency of meiotic aberrations was comparatively more in 
var. RD-44 than the var. Karishma. Total frequency of meiotic aberration was less 
in M3 generation as compared to M1 and M2 generations. 
 Based on intensity of green coloration at seedling stage 5 types of chlorophyll 
mutants i.e., albina, chlorina, xantha, tigrina and viresence were isolated in 
segregating M2 plants of both the varieties of coriander. The frequency of 
chlorophyll mutations increased with an increase in dose/concentrations. The 
highest frequency of chlorophyll mutations was observed in combination treatment 
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followed by EMS and -rays. It was clear from the results that the two varieties of 
coriander differed in their response to different mutagens in relation to frequency of 
chlorophyll mutations and variety RD-44 appeared to produce more chlorophyll 
mutations than var. Karishma.  
 The frequency of mutagenic effectiveness did not show any trend in treated 
population. However, the maximum effectiveness was observed in EMS treatment 
as compared to combination treatment and -rays treatment. Combination and -rays 
induced almost same frequency of effectiveness. Var. RD-44 was found to be more 
effective than variety Karishma. The mutagenic efficiency was calculated on the 
basis of inhibition in seed germination, lethality and pollen sterility. The efficiency 
calculated on the basis of inhibition was higher in var. Karishma while efficiency 
based on sterility was higher in var. RD-44. On the basis of inhibition, lethality and 
sterility, the efficiency was higher in combination treatment as compared to 
individual treatment in both the verities. The order of efficiency was -
rays+EMS>EMS>-rays. 
 A wide range of viable morphological mutations affecting plant height, 
growth habit, leaf morphology, flower characters, growth period, seed and yield 
parameters, were isolated in M2 generation. Of all the mutant types, frequencies for 
yield parameters were of maximum in EMS treatment followed by gamma rays and 
combination treatments. The frequency of morphological mutants was higher in the 
var. RD-44 compared to the var. Karishma. The total frequency of morphological 
mutants was highest in combination treatments followed by EMS and gamma rays 
treatments. 
 In M1, M2 and M3 generations mutagenic effect of EMS, -rays and their 
combination treatments were studied on nine quantitative traits viz., days to 
flowering, plant height (cm), days to maturity, number of branches per plant, 
number of umbel per plants, number of umbellets per umbel, number of seeds per 
umbellet, 100-seed weight (g) and total yield per plant (g). The statistical analysis 
was done to find out the, mean ( X ), standard error (S.E.) standard deviation (S.D.), 
coefficient of variation (C.V.) and lest significant difference (LSD) for nine 
quantitative traits in the treated populations. In general, lower concentrations /doses 
of individual mutagenic treatment of EMS and -rays were found to be more 
effective in inducing genetic variability for coriander improvement. In var. 
                                                                                              Summary and Conclusion 
 
185 
 
Karishma lower doses of -rays showed better effect while in var. RD-44 lower 
concentration was more effective for yield contributing traits. Combination 
treatment and higher concentrations /doses of individual mutagen showed a negative 
impact on yield contributing traits in all the generations. 
 On the bases their distinct specific characters mutants isolated in M2 
generation were evaluated in order to find out the selection response in M3 
generation. These mutants were also statistically evaluated for nine quantitative 
characters viz., days to flowering, plant height (cm), days to maturity, number of 
branches per plant, number of umbels per plants, no of umbellets  per umbel, 
number of seeds per umbellet, 100-seed weight (g) and total yield per plant (g). Five 
different types of mutants line Kr- a, Kr-b, Kr-c, Kr-d, and Kr-f were isolated from 
var. Karishma and three mutants line RD-a, RD-b and RD-c were isolated from var. 
RD-44. 
 The essential oil of higher yielding mutant lines in M3 generation was 
estimated by using Clevenger’s distillation method and percentage of linalool in 
essential oil of isolated mutants was also estimated by using gas liquid 
chromatography. Percentage of essential oil in some mutants was higher than 
control while in some other it was lower than control and linalool (%) in essential 
was also different from control. 
In the present investigation some isolated mutants  possessed desirable plant architecture 
such as  increased plant height, increase number of umbel per plant, yield per plant, 
bold seeds, increased essential oil percent and change in linalool etc strongly favored 
the idea that induced mutagenesis is highly useful in inducing stable and desirable 
mutations.  These mutants may be evaluated in future generations for their performance 
and may be released as new varieties.  Mutagen EMS and gamma rays used in present 
study are very efficient and effective mutagen and may be used to create genetic 
variability in Coriandrum sativum L. 
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